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Sequence 
ofa 
typical photo 
reconnaissance 
mission with the 
Radioplane SD-1 drone 







Eye in the Sky 





SITUATION: A range of hills screens enemy activities. 
TACTICAL PROBLEM: What is on the other side of the hills? 
SOLUTION : Aerial drone surveillance — puts an “eye” in the sky. 


Radioplane, in conjunction with the U.S. Army Signal Corps, 
developed and is producing the SD-1 surveillance drone system. 
Highly mobile, the camera-carrying SD-1 may be zero-length ground 
launched in rough terrain from a camouflaged position and flown by 
remote control over enemy installations on photo reconnaissance mis- 
sions. After the drone’s camera has exposed its film by radio com- 
mand over the target, the SD-1 is then flown to a pre-designated area 
for parachute recovery. The camera is removed, the film is processed, 
and prints are delivered to the requesting unit within minutes after 
the entire operation began and the mission is accomplished without 
risking a pilot’s life or a large man-carrying aircraft. 

The Signal Corps SD-1 surveillance drone system is another exam- 
ple of Radioplane’s constant refinement of the art of producing radio- 
controlled drones. First to manufacture target drones exclusively for 
military use Radioplane has a world-wide field support organization 
with personnel qualified to assist in all phases of drone field activities. 





RADIOPLANE 


A Division of Northrop Aircraft, Inc. 


VAN NUYS, CALIFORNIA AND EL PASO, TEXAS 
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Currently in use on Ballistic Missiles: 
@ — HIGH MACH NUMBER . 
TOTAL TEMPERATURE 
PROG . 


Tota! temperature measurements are essential to: 


@ TRUE AIRSPEED 
from Mach no. and T, 


@ STATIC TEMPERATURE 
from Mach no. and T, 


@ AIR DENSITY 


from static pressure Mach no. and T, 


@ RECOVERY TEMPERATURE 


from Mach no., recovery factor, and T, 


@ and, TOTAL TEMPERATURE 
itself is of direct importance for other 
purposes. 























If you are interested in measurement of 
any of these parameters on missile and 
rocket flights, for research data, upper 
air data, or control parameter informa- 
tion, you will want to know about our 
MobEL 103 ToTaL TEMPERATURE PROBE 
SERIES. Write for bulletin 15811. 











MODEL 103-3 (Actual! size) 





MODEL 103-3 (With mounting ferrule) 


The Model 103-3 probes have 3 concentric cylindrical radiation 
shields of platinum-rhodium alloy and are normally provided with 
platinum-rhodium thermocouples. Their performance characteristics 
are very fully known. Their aerodynamic design has been very care- 
fully worked out and they are very ruggedly constructed. 

MAX TEMPERATURE— 1500°C VERY SMALL—NEGLIGIBLE DRAG AND WEIGHT 
FAST RESPONSE VERY COMPLETE DATA AVAILABLE ON RADIATION AND 
RECOVERY ERRORS, RESPONSE TIME, AND FLOW DIRECTION SENSITIVITY, UP TO 
MACH 5 AND 150,000 FT. 


your E Al R? The Model 103-3 is an excellent 
D0 ES geATH reference standard for tail pipe temperatures. 
S| LE ~ Our platinum resistance thermometer total 
M iS temperature probes may also interest you. 


ROSEMOUNT 


ENGINEERING 
DEPT. MR-1 COMPANY 


9424 Lyndale Ave. So., Minneapolis 20, Minn., TUxedo 1-2685 






We also make a wide variety of other temperature probes 
for airplanes, missiles, rockets 
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Looking for solutions? 
AMF has missile experience you can use 


e Building a reliable missile system introduces problems at every step . . . the 
kind AMF solves daily. From drawing board to target, AMF is constantly 
bridging the gap between missile concept and performance. ® This wealth 
of experience, gained as a leading contributor to numerous major missile 
programs, can produce the solution to your particular problem. ¢ For a full 
description of AMF engineering and production facilities in the missile field, 
as well as a review of their performance, contact the AMF Defense Products 


Manager in any of the cities listed below. 


© Armament 
© Bollistics 
@ Radar Antennas ‘ 
mmm 6 Defense Products Group 


© Guided Missile 
AMERICAN MACHINE & FOUNDRY COMPANY 


Support Equipment 
©@ Auxiliary Power Supplies 
© Control Systems Sa 





DEFENSE 
ROOweas NO! North Royal Street, Alexandria, Vo. 


Asbury Pork @ Atlanta © Boston © Brooklyn @ Dallas @ Dayton @ Los Angeles © Seattle @ Tucson # Washington, D.C. 
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Better Service for a Bigger Industry 


In July, MisstLes & Rockets will go weekly. Fifteen months 
ago an inspiration became a magazine; m/r was born to serve a 
new era. Its growth to date has broken record after record in the 
publishing field. Since October 1956 circulation has rocketed 
from zero to over 20,000—all paid. In that same period m/r has 
carried over 1300 pages of advertising. In this issue, traditionally 
the year’s low point, there are over 107 pages. 


This growth and faith in MissiLes & ROCKETS means only 
one thing: The emergence of the missile industry. When m/r first 
started, there wasn’t any such thing. It was more a case of an art 
struggling to become a science. Missiles were created, rather than 
designed, engineered and produced. 


Technologically, scientists and engineers had no background 
of experience on which to draw. Handbooks of missilry and 
rocketry were few. Even the language was in doubt. Universities 
offered no degrees in missile engineering. Nobody, in fact, could 
really answer the question: “What is a missile engineer?” 

Old sciences and technologies moved into wholly new realms 
and environments. New sciences emerged and with them names 
with new importance—cryogenics, fluid mechanics, flame dynamics, 
magnetohydrodynamics, heat transfer, telemetry, missile machin- 
ing. 

Old materials and production techniques proved cumbersome 
and inadequate; missiles, for the most part, are machined, welded 
and heat-treated rather than ribbed, skinned and riveted. Plastics 
and ceramics join steel, titanium and aluminum as essential ma- 
terials of missile construction. 


In fuels and oxidizers new names—fluorine, boron, am- 
monium perchlorate, unsymmetrical dimethylhydrazine, ozone 
fluoride—demonstrate the new role of chemistry in tomorrow’s 
realm of flight. 


These are but a few of the signs of a new industry beginning 
to define itself. There are others, like companies, for example. 
Big names like Douglas, Boeing, Lockheed, North American, Bell, 
Northrop, Convair, McDonnell and Martin hold the majority of 
prime missile systems contracts. However, their importance in the 
missile industry is less than it is in the case of manned aircraft. 

A greater share of the work is subcontracted out. And other 
companies that never made airplanes are beginning to get prime 
systems and production contracts in missiles—Raytheon, Bendix, 
Philco, Chrysler, Cooper. 

The missile industry is young and precocious. It is highly 
competitive—healthy. Its continued development is vital to the 
future of America and free men everywhere. Its rate of growth in 
the past is nothing to what lies right ahead. It is already a multi- 
billion-dollar industry. 


Its technologies are already moving too rapidly for monthly 
coverage. So do events in Washington and the rest of the world. 


Information on developments in government, industry, busi- 
ness, finance, science, engineering and production, here and 
abroad, quickly and accurately disseminated is essential to the 
effective growth of the industry. 


It is for this reason that MissiLes & ROCKETS is expanding 
its staff; why m/r has decided to go weekly—to better serve the 
men and companies of the missile industry. 


ERIK BERGAUST 








If your problem calls for 


MISSILE GROUND SUPPORT 





Link’s Design, Engineering and Production Abilities 
Provide the Answer 


Link’s capabilities in the field of electronic ground 
support have been established through the actual de- 
sign and manufacture of precise electronic units de- 
livered to satisfied customers. 

Link’s production methods are geared to manu- 
facture electronic equipment to the most exacting 
specifications. Unique inspection techniques insure 
the highest standards of quality in every unit, large 
or small, that leaves Link’s modern plants. 

Alert management, experienced engineering and 
production personnel, and multiple research and de- 


velopment facilities qualify Link to work for you. 
Link’s capabilities include the development and pro- 
duction of such diverse electronic equipment as: 


* Missile Training Equipment 
* Component Assemblies 
¢ Go-No-Go Test Equipment 


* Computers 
¢ Simulators 
* Optical Systems 


For complete information write or call Jack 
Ritchie, Engineering Sales, Binghamton 3-6311 
(Ext. 277). A brochure of our facilities is available 
on request. 


AVIATION, Inc. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT C 


ORPORATION 


BINGHAMTON. NEW YORK 
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letters 


Far Side Telemetry at Fault 


To the Editor: 

We have noted with interest a para- 
graph in your Dec. 1957 issue of m/r. 
It is on page 64, under the heading 
“Missile Miscellany,” and states “Speak- 
ing of space, preliminary analysis of tele- 
metered Far Side results indicates that 
gravity, rather than decreasing simply as 
the square of the distance from the center 
of the earth, actually “wobbles”—#.e., 
both decrease with distance. No attempt 
to explain this has been made, but there 
seems to be a possibility that the earth’s 
very strong electrical field and the rela- 
tively dense ‘atmosphere’ of charged par- 
ticles up to 40,000 miles may be a factor.” 

I would like to suggest that the 
electrical field of the earth has nothing 
whatever to do with the observed gravi- 
tational effects. The gravitational and 
electrical fields exist quite independently 
of one another. The results of project 
Far Side published to date indicate that 
the telemetry packs of these rockets oper- 
ated in a most erratic manner, results 
being obtained for only a very small frac- 
tion of the total time that the missiles 
were airborne. Moreover, it is difficult 
to conceive that the ionosphere is so dis- 
continuous (or sufficiently dense) to pro- 
duce such improbable results. 

It seems more likely that the reason 
for these results is to be found in faulty 
transducers or other elements in the 
telemetry system. 

K. J. Keeping 
Sr. Electronics Engineer 
Electronic Systems Section 
Avro Aircraft Limited 
Box 4004, Terminal A, 
Toronto, Ontario, Canada 

There well may be something to what 

you say.—Ed. 


Coming Up 
To the Editor: 


Would you be good enough to tell 
me where we can get the following 
information? 

A list of all contractors who have 
contracts with the federal government for 
fabrication, design of missiles or rocket 
equipment including powerplants and 
hardware for missiles and rockets. 


J. C. Somers 
Chairman Instrustrial Committee 
Queens Chamber of Commerce 
New York, N. Y. 
Will be published by m/r in mid- 
April_—Ed. 


Missile Engineering 
Info Wanted 


To the Editor: 

I would like to find out further in- 
formation about the basic studies neces- 
sary to enter the missile engineering 
field. 

I am interested mostly in the metal- 
lurgy field, and at present time have 
access to courses in these fields through 
USAFI, and almost any universities. 

Richard M. Clements 
FPFN “R” Division 
USS Boston CAG-1 
c/o FPO New York 
New York 


Consult the American Rocket So- 
ciety —Ed. 
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TRANS!STORIZED 
FREQUENCY CONVERTER 
Provides 2400 cps. 115 
volt square wave single 
phase power for mag- 
netic amplifiers in guid- 
ance or telemetering 
systems. No vacuum 
tubes or moving parts. 
Weight 2.5 ibs. Power 
output 100 watts. 


HELIUM DISCONNECTS 
Available in various 
sizes and capacities, 
these couplings exhibit 
extremely low leakage 
characteristics. Will de- 
couple and seal auto- 
matically. Minimum 
fluid operating temper- 
ature—280°F. 


HELIUM 
PRESSURE REGULATOR 
Provides stable opera- 
tion even under extreme 
temperatures, pressures, 
and flow surges. No 
overshoot, flutter or 
chatter. Typical of a 
family of lightweight, 
high-flow fast-acting 
regulators. 


LIQUID LEVEL SENSOR 
Controls liquid level to 
+0.1 in. Utilizes ab- 
sorptive properties of 
liquids to radioactive 
emission, in detecting 
presence or absence of 
liquid. Radioisotope 
source half-life 28 
years. No moving parts. 


SERVO AMPLIFIER 
Six watts power output. 
Voltage gain up to 3400. 
Designed for minimum 
size, this fully transis- 
torized unit measures 
only 13/16” x 15/16” 
x 1%”. 


Ground Support Equipment 
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of component reliaBility! 

U.S. Armed Forces 3% prime 
military contractors . have long 
entrusted Roberts -Fulton 


with responsibility 
complete developm and 
manufacture of mis§Hle systems 
and components. S n here: 
Typical R-F electroni¢ and 
mechanical produc embodying 
exceptional operating integrity. 
Insure soreinoner R-F 
for reliable ‘‘on target’ 
performance. . 
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HELIUM PRESSURIZATION SYSTEMS 

Major missile programs utilize mobile, all weather support 
equipment designed and developed by R-F. Sponsor of the 
Annual Helium Symposium...operator of extensive helium 
test facilities . . . center of helium pressurization research. 


AERONAUTICAL AND INSTRUMENT DIVISION is 


Robertshaw Fultow conrnore comrany fl 


SANTA ANA FREEWAY AT EUCLID AVENUE + ANAHEIM, CALIFORNIA 4 
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THESE ENGINES ARE 
NOW IN PRODUCTION 
AT CALE. 
















MODEL 141 GAS TURBINE 


469-T-9 
TURBO JET 





AIR COMPRESSOR 






... the 7-37 Twin Jet Trainer 


with 
C.A.E. Turbine Power 


Air Corps flight training routine took 
a significant step forward recently, 
when the T-37 twin jet trainer entered 
its Phase Vill testing at Bainbridge 
Air Base, Georgia. Twenty hand- 
picked officers embarked on a course 
known as PROJECT PALM, with the 
two-way goal of training for them, 
and suitability testing for the plane. 
This new high-performance ship 
advances the jet phase of fliers’ 
training to an earlier stage in the 
training schedule, speeding the tran- 
sition from propeller-driven planes to 
jets, with gains in both safety and 
economy. Twin J69-T-9 turbines by 
C.A.E. provide the power. 
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letters 


Pictures of 
Red Missiles 


To the Editor: 

Your “Guided Missile Encyclopedia” 
has proved such a valuable and compact 
reference document in this headquarters, 
that I think it should also be available 
to the commander and staff of each 
fighter interceptor squadron and radar 
site in this air division. 

Would it be possible for you, as a 
service to the military forces, to send us 
twenty copies for distribution to our units? 
If a charge for them is mandatory, 
would you please inform me of the 
amount so that I can process the neces- 
sary purchase request through proper 


| channels. 


| pictures 


| etc., 


On a separate topic, can you refer 
me to a good open source, such as 
European rocketry magazines, etc., for 
of Soviet Bloc missiles, par- 
ticularly such types as the RS-82, the 
M-100 air-to-surface missiles; the Ger- 
man Wasserfall and the A-4, A-10, T-3, 
surface-to-surface missiles and im- 
provements thereon. Is there a clipping 
service extant, concerning this field, to 
which we could subscribe? 

Our thanks in advance for your at- 
tention to this request. 

Maj. James E . Erdmann 

Director of Intelligence USAF 
31st North American Air Defense Division 
Snelling Air Force Station 


| Saint Paul, Minn. 


Encyclopedias are in the mail. Re 
pictures, there are very few available. 
Associated Press has some.—Ed. 


Radio Telemetry 
To the Editor: 

We appreciate your recognition of 
radio telemetry and its current prob- 


lems in the November issue. 
It has recently been stated by Mis- 


| sile Systems Engineers that the catching- 


up in missile development can largely be 


| effected by extensive fundamental work 


in “fringe areas.” Radio Telemetry is 
such a “fringe area” which required im- 


mediate action on the following: 





1) Coordination leading to elimina- 
tion of split-responsibility between ve- 
hicular and ground systems. 

2) Expansion of suitable frequency 
allocations. 

3) R&D utilization of information 
theory considerations for both “standard” 
and nonstandard systems. 


4) Establishment of new realistic 
standards. 
5) Establishment of means of ex- 


panding standards based on R&D results. 
George S. Shaw 
Vice President 


Radiation, Inc. 
Electronic Research Development Pro- 
duction 


Melbourne, Fla. 


Wants Astronautical Big Ten 


To the Editor: 

I am a subscriber to your magazine 
and have noticed the names of a couple 
of American universities active in the 
astronautics field. I would appreciate 
it very much if you could give me a list 
of your “Big Ten” in the field of astro- 


missiles and rockets 








New! £7rurry Pressure Control Valve 
Simplifies Charging of Shipping Containers 


The new Marman Pres- 
sure Control Valve sim- 
plifies pressure regulation 
and relief in large sealed 
containers used for stor- 
ing and shipping military 
and commercial equipment. Filtered and dried air 
introduced into the container displaces existing atmos- 





it 


f 
i 


Marman Air Filler Housing 
also availabl Acc 

dates any type filler nozzle. 
Spring-loaded cover requires 
No tools to open. 








phere through the Marman valve. The valve is cali- 
brated to maintain any desired pressure. Should 
greater pressure differential occur, the Marman valve 
relieves back to the maximum desired pressure. 

For quick access to the container, the valve provides 
an air exhaust equivalent to a 1” pipe. Available in 
standard sizes, for pressures up to 20 psi. Write 
today for full information. 





11214 EXPOSITION BLVD., 


LOS ANGELES, CALIFORNIA 


IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 18, ONTARIO 
MARMAN PRODUCTS ARE MANUFACTURED UNDER VARIOUS U.S., CANADIAN AND FOREIGN PATENTS AND OTHER PATENTS PENDING 
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LEACH 


balanced armature relays 
help you solve electronic 
circuit problems 


BALANCED 
ARMATURE 
DESIGN 


——— a, 


First proven in all types of advanced 
aircraft, Leach Balanced Armature relays 
are now solving the most exacting problems 
for systems designers. Exclusive balanced 
armature design eliminates faulty operation 
of contacts due to vibration and shock forces. 
Bifurcated contacts assure high reliability 
in contact-making circuits. You'll find that 
these unique relays outperform all other 
types in resistance to shock, acceleration 


BIFURCATED 


el, ae tons 


and vibration. 


9220... Balanced 
Armature relay. Rec- 
tangular configura- 
tion... with a variety 
of mountings and 
terminals available. a 
Hermetic sealing is Ent 
100% tested by mass 
spectrometer. 





Typical Ratings 

Normal operating voltages—6-115 vde, 115 vac 
(400 cycle), 4 PDT. 

Contact ratings @ 28 vdc or 115 vac single-phase 
Resistive — 3 amp @ 120°C 

—5 amp @ 85°C (dc only) 

Inductive — 1.5 amp @ 85°-120°C 
Motor Load — 1.5 amp @ 85°-120°C 

Rated duty — continuous 

Minimum operating cycles — 100,000 

Weight — 0.25 to 0.30 Ibs. 

Shock — 50 G’s 

Vibration — 10 G’s, 0-500 cps 

Applicable specifications — MIL-R-6106B, 
MIL-R-5757C 

Also available in units to meet the minimum 
current requirements of MIL-R-6106C 

We invite other special requirements such as 

microamp switching, high vibration and special 

mountings. 





LEACH 


CORPORATION 
Leach Relay Division 


5919 Avalon Boulevard 
Los Angeles 3, California 


See for yourself 

Write today for your copy of the 

Leach Balanced Armature Catalog District Offices and Representatives in 
Principal Cities of U. S. and Canada 
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describing relays for electronic (R@#t5 
and missile applications. 
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letters 


nautics and/or aeronautics. 
Arthur deCarle 
The Lakefield Preparatory School 
Ontario, Canada 
See our lead story, December 1957 
issue.—Ed. 


More Reprints 


To the Editor: 

Congratulations on your splendid pub- 
lication. Would you please send me an 
additional copy of your “Guided Missiles 
Encyclopedia” and Dr. von Braun’s ar- 
ticle on “Space Travel and our Tech- 
nological Age” from your July 1957 issue. 

W. V. Bolan 
Curtiss-Wright Corp. 
Propeller Division 
Caldwell, N. J. 
In the mail.—Ed. 


To the Editor: 

Please send a copy of “Geschuten- 
werkes Werdebuke” which you mention 
in your November issue. 

R. P. May 
Sales Department 
Nems Clarke Co. 
919 Jesup Blair Dr. 
Silver Spring, Md. 
In the mail—Ed. 


To the Editor: 

Your magazine is excellent and far 
beyond any other magazine in this field. 

I read in your December issue that 
you had reprints of your outstanding 
“First Annual Guided Missile Encyclo- 
pedia” and Dr. Wernher von Braun’s 
“Space Travel and our Technological 
Revolution.” As a recent subscriber, I 
missed this issue and would be very 
grateful if you would send me a copy 


of these reprints. 
Richard Strobel 
866 E. Cornwal St., 
Philadelphia 34, Pa. 
In the mail._—Ed. 


Building Rocket 


To the Editor: 

I am a subscriber to your magazine 
and enjoy it very much. On your August 
issue cover you have a colored picture 
of the Army’s missile, Lacrosse. Would 
you please tell me where I could get 
a picture like it? 

At the present time I am working 
on a small rocket and have almost every- 
thing ironed out except the kind of engine 
to build to power it. I would like to 
know if you can tell me where I might 
obtain such information in nontechnical 
terms. 

The rocket I’m building will weigh 
about 60 pounds and due to the size 
of the rocket the engine can be no more 
than 18 inches in length nor more than 
five inches in diameter. For economical 
reasons I would like to make an engine 
that will use solid propellants and have 
it deliver its thrust for about three 
minutes. 

Larue Jones 
444 F.LS. 
Charleston Air Force Base 
Charleston, S. C. 

Try U.S. Army Ordnance, Office of 
Public Information, Washington 25, D.C. 
for the picture of the Lacrosse. We are 
making inquiries to obtain the informa- 
tion on the rocket motor—Ed. 
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when and where 





JANUARY 

Electronics, Reliability and Quality Con- 
trol, Fourth National Symposium, 
Hotel Statler, Washington, D.C., 
Jan. 6-8. 

ISA Yankee Instrument Fair and Sym- 
posium, Hotel Bradford, Boston, 
Mass., Jan. 14-15. 

Combustion Institute Winter Meeting, 
California Institute of Technology, 
Pasadena, Calif., Jan. 20. 

IRE, AIEE, Atomic Energy Commission, 
National Bureau of Standards, Sixth 


Scintillation Counter Symposium, 
Hotel Shoreham, Washington, D.C., 
Jan. 27-28. 


American Astronautical Society, Fourth 
Annual Meeting, New York City, 
N.Y., Jan. 29-31. 

College-Industry Conference, American 
Society for Engineering Education, 
University of Michigan, Ann Arbor, 
Mich., Jan. 30-31. 

Instrument Short Course, sponsored by 
Southern California Meter Associa- 


tion, Los Angeles Harbor Junior | 


College, Wilmington, Calif., Jan. 
30-31. 


FEBRUARY 


Reinforced Plastics Division Conference, 
Society of the Plastic Industry, Edge- 
water Beach Hotel, Chicago, IIl., 
Feb. 4-6. 


MARCH 


ASME Gas Turbine Power Division Con- 
ference and Exhibit, Shoreham Hotel, 
Washington, D.C., March 2-6. 

1958 Nuclear Congress and Atomic In- 
dustry Trade Show, International 
Amphitheatre, Chicago, Ill., March 
16-22. 

First Interservice and Industry Symposium 
on Guided Missiles Training Equip- 
ment (limited to those with secret 
clearance), Naval Ordnance Labor- 
atory, Silver Spring, Md., March 
18-19. 

IRE, National Convention and Radio 
Engineering Show, Waldorf-Astoria 
Hotel, New York Coliseum, New 
York City, N.Y., March 24-27. 

International Instrument Show, Caxton 
a Westminster, London, March 

4-29. 


APRIL 


ASME Division of Instruments and 
Regulators Conference, University of 
Delaware, Newark, Del., April 1-3. 

Eighth International Symposia, Electronic 
Wave Guides sponsored by Micro- 
wave Research Institute of Brooklyn 
Polytechnic Institute, Engineering 
Societies Building, New York City, 
N.Y., April 8-10. 

ASME Maintenance and Plant Engineer- 
ing Conference, Penn-Sheraton Hotel, 
Pittsburgh, Pa., April 14-15. 

ASME Design Engineering Conference, 
International Amphitheatre, Chicago, 
Ill., April 14-17. 

ASME and AWS Engineering Division 
Joint Conference, Statler Hotel, St. 
Louis, Mo., April 15-17. 

Institute of Environmental Engineers 
Second Annual Technical Meeting, 
Hotel New Yorker, New York, N.Y., 
April 17-20. 

Electronic Components Conference on 
“Reliable Application of Component 
Parts,” Ambassador Hotel, Los 
Angeles, Calif., April 22-24. 
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NEW AM-100 











nti a Itra-simplified means 


PBulova pioneerPan en 
of te e compen bn... the “multi-purpose” AM-100 oven. 


The AM-100 is designed to yield exacting temperature control 
of more than just crystals. Now entire circuits, components 
and/or complete sub-assemblies can be housed in one, low cost 
unit...the highly stable AM-100. 


By eliminating ¢ostlier, less dependable, heavier and more 
complex temperature compensating factors, hundreds of design 
hours can be saved.. icircuits can be simplified and more 
dependable, and havé a far wider operating range. 


THE AM-100 FEATURES: Rugged lightweight construction 
(less than 7% oz.); | Long life expectancy due to triple insulation 
on heater winding; \High stability = .1°C.; Standard octal 
plug-in (stud mounting available); The unit draws 20 watts on 
initial warm-up, with average dissipation of less than 5 watts 
after warm-up; | Meets vibration tests per MIL-E-5272; 

Overall 3” diameter x 5” high — cylindrical cavity 1%" 

diameter x 2%" high. 

A complete line of precision Bulova ovens are available 

in quantity, with custom designed units available on request, 








‘-BULOVA 


watch company 
Write Dept. A-765 
Full Information 
and Prices on Ovens 


Electronics Division 
Woodside 77, N.Y. 
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The Martin Company, in producing its bonded 
honeycomb airfoil surfaces for the Matador 
missile, uses an electric heating blanket which 
can withstand at least 100 bonding cycles without 
replacement. 


The heating blankets, custom produced by Safe- 
way Heat Elements, can deliver from 400 to as high 
as 1,200 watts per square foot. They are composed 
of alternate layers of glass-cloth-reinforced silastic 
sheets, woven resistance wire heating elements, and 
copper screening for additional reinforcement and 
heat diffusion. 


The bonding fixture is closed on the airfoil surface 
and air pressure forces the skin in upon the honey- 
comb. At the same time, heat built up by the blanket 
sets up the structural adhesive resin. 











structure. 


if it has to be heated (and the “‘it’’ 
can be just about anything), you 
can rely on Safeway engineers to 
study your problem and — without 
obligation — submit an 
appropriate recommendation. 

For your copy of a fact-filled 
folder, write to: 
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The present cure cycle is 30 minutes at 310°-330°F and from 
15 up to 100 psi plus preheating and aftercooling cycles. As little 
as 1 hour, 25 minutes is required to complete a Martin honeycomb 


afeway 


680 Newfield Street + Middletown, Connecticut 
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1958: Boom in Navy Ballistic Missiles 


Extensive Polaris Sub Program Under Way 


Air Foree Goes to Work on Solid ICBM 


From reliable sources m/r has learned that the Navy has undertaken one 
of the greatest tasks in naval history: the marriage of the stepped-up Polaris 
missile program to a crash program for Polaris launching platforms, This will 
involve a whole series of atomic-powered submarines. 

Criticism against the Navy for not having a missile submarine program 
under way seems unjustified. “The Navy is fully aware of the need for a crash 
program for Polaris submarines—and this program is in good shape,” a Navy 
official told m/r. “We will have the submarines ready by the time the missiles 


become available,” he said. 


Sen. Henry Jackson (D.-Wash.) 
consistently has asked for a stepped-up 
Polaris submarine program. The Sena- 
tor has urged that we build at least 100 
such vessels to obtain the ballistic mis- 
sile mobility needed in a future war. 
Navy experts feel the Navy’s ballistic 
missile capability will become greater 
and have a better retaliation punch 
than the Air Force’s stationary ICBM 
setup. 

The Navy will not confirm whether 
the stepped-up Polaris sub program 
will call for as many as 100 subma- 
rines. However, the general feeling is 
that the program is so gigantic that 
more money will be allocated for Navy 
missile systems than for Army and Air 
Force guided weapon programs during 
the next few years. Ordinarily it would 
take the Navy three years to build an 
atomic submarine, but Navy officials 
claim this time can be cut in half, if 
necessary. The Polaris submarine thus 
should begin to come off the produc- 
tion line in 1959, simultaneously with 
production models of the Polaris mis- 
siles. 


Air Force Moves Ahead 


During 1958 a space flight agency 
undoubtedly will be set up, either as a 
separate organization under the De- 
fense Department, or as a new office 
under Air Force management. 

There’s no concrete evidence of 
exactly what the U.S. missile budget 
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will be three or five years from now, 
according to informed Pentagon sources. 
But looking at some of the factors, it 
is difficult to see how it cannot but 
rise sharply—so much, in fact, that it 
may prove necessary to divide the bur- 
den among all the major North At- 
lantic Treaty Organization powers. In 
part, this has already been suggested. 

Development costs are rising 
sharply. Note Army’s estimate that it 
will take some $600 million for just 
one anti-missile-missile project. The 
proposed manned boost-glide bomber 
would be at least as costly in develop- 
ment. Add reconnaissance satellites, 
both manned and unmanned; moon 
rockets, Mars rockets, etc. To general 
superweapon development costs, add 
the price of a vastly expanded basic 
research program. Then add production 
of these weapons systems and all their 
support gear. On top of this lot, pile 
the continually rising cost of maintain- 
ing conventional forces in being, such 
as SAC, Army infantry, etc. 

Add also new concepts in conven- 
tional warfare, such as air mobility for 
ground forces. A proposed military re- 
quirement now making the rounds in 
Washington would have all Army and 
Marine Corps ground forces completely 
air transportable. The proposal suggests 
that with the proper approach, air 
cargo transport of troops is possible at 
a cost which is less on a ton-mile basis 
than the present cheapest bulk cargo 


ocean-going rate. The proposal also 
suggests that the building of such an 
airlifc capability would keep U.S. air- 
frame makers busier for the next sev- 
eral years than all the foreseeable mis- 
sile business combined. Needless to re- 
mark, it would also be a very expensive 
program. 

This adds up to a military budget 
of $60 to $70 billion five years from 
now. It does, anyhow, if the U.S. con- 
tinues to-try to foot the bill for its 
own 100 per cent defense. This would 
seem to forecast a real need for a 
division and allocation of the effort— 
particularly for major space flight proj- 
ects—among the NATO powers. This 
would be an allocation of effort not 
only in money, but in research, de- 
velopment and production effort. With 
this, of course, would come much 
closer alliances between companies here 
and abroad. 

The decision as to whether or not 
the Air Force will be able to use its 
considerable experience in the study 
of space vehicles is “strictly a matter 
of funds and whether the government 
wants to spend money in this manner,” 
according to Maj. Gen. J. W. Sessuras, 
Jr., vice-commander of the Air Re- 
search and Development Command. 

In Los Angeles, Calif., at a clas- 
sified symposium on advanced propul- 
sion by the AF’s Office of Scientific 
Research and Rocketdyne, the general 
said that existing hardware such as the 
Atlas ICBM has sufficient power to put 
an 1100-pound vehicle in orbit. He 
pointed out, however, that the Aflas 
would furnish the first stage of such 
a system and additional units would 
be required. 

The AF _ official predicted a 
“bright future” for solid propellants in 
ICBM systems as well as for smaller 
missiles, citing the ease of handling, 
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COLEMAN ENGINEERING 
CONVAIR 
DOUGLAS AIRCRAFT 
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FIRESTONE TIRE & RUBBER 
JET PROPULSION LABORATORY 
LOCKHEED AIRCRAFT 
NACA 


NATIONAL BUREAU OF 
STANDARDS 


NAVAL ORDNANCE TEST STATION 
NORTH AMERICAN AVIATION 


I JZLILIALOLoOdAaGA LIA ao 


NORTHROP 
RADIOPLANE 
RAMO-WOOLDRIDGE 


tj 


REDSTONE ARSENAL 
ROCKETDYNE 
SANDIA 





USN UNDERWATER SOUND 
LABORATORY 


U.S. STEEL 
UNIVERSITY OF CALIFORNIA 
UNIVERSITY OF MINNESOTA 


SPT JDL OL 6 
™ SP SH HG HA HA HK KH KH HK BHA A VY YY 


ZCLALOL LOO DIGI LZ OA GOL DAZIO LO AC LIA DA O 
AS SOR LQSVA’Qa BAH AH HAA BT WM PAH AB A BW WA A A WBE 


a. 


Vi 
"7 


VY 
\ 


Pressure Transducers - Telemetering Oscillators - Servo 
Converters - Digital Strain Gage Indicators - Automatic 
Data Logging Systems - Bridge Balance Equipment 


Complete product catalog J-1 upon request 


DATRAN 


ELECTRONICS 


Sivision or 
-CONTINENT / manutacturing, inc. 
Manhetten Coliterme 


Beech 


40 








storage and airlift transportability. 

“As efficiency goes up, size will 
come down,” he asserted. 

Gen. Sessums also mentioned that 
the AF has a study of antigravity de- 
vices under way. In particular he noted 
a program in this field conducted at 
the University of North Carolina by a 
husband and wife scientist team and 
several international specialists in anti- 
gravity systems. 

At the same press conference, Dr. 
G. P. Sutton, chief of preliminary de- 
sign at Rocketdyne, said that most of 
the propulsion systems discussed at 
the symposium are of relatively low 
power. 

We're listening to anybody’s dream 
to find that little seed for a new ap- 
proach,” he said. 

The civilian scientist also said that 
more research is needed in balloons 
and space platforms, but “we are a 
long way from a space platform yet.” 

He said that an ion propulsion 
system “may be available in 10 years,” 
but noted that other systems which will 
utilize energy rather than matter are 
under study, citing the use of solar 
energy aS a power source. 

J. H. Kindelberger, board chair- 
man of North American Aviation, told 
a dinner meeting of symposium mem- 
bers that current propulsion systems 
will not be adequate for the speeds and 
altitudes of the future. 

“We must turn to novel concepts 
and novel devices for making these 
future missions possible.” he concluded. 


AIA Will Accent 
Missiles in °58 

General Orval R. Cook, president 
of Aijrcraft Industries Association, 
stated in “a review of the aircraft in- 
dustry during 1957 and an estimate of 
its prospects for 1958” that, “at the 
year’s end, the detailed impact of these 
programs (guided missiles and space 
technology) could not be ascertained; 
however, it appeared that there would 
be a sharp increase in production of 
guided missiles and in research and de- 
velopment.” 

During an interview with m/r, a 
spokesman for AIA stated that the As- 
sociation’s guided missile committee 
and rocket propellant committee plan 
to meet this increase in guided missile 
production with extensive activities dur- 
ing the coming year. 

The spokesman did not have a 
schedule of the meetings planned be- 
tween the committees and industry but 
he did emphasize that the missile and 
space flight problem would receive an 
extensive evaluation. He emphasized 
that a strong recommendation would 
be made to the Defense Department on 





the lag in this country’s missile pro- 
gram. 

One recent change was noted in 
the AIA structure. The solid and liquid 
propulsion committee which operated 
as two separate divisions during 1957 
will be encompassed by the rocket pro- 
pellant committee. The guided missile 
and rocket propellant committees func- 
tion as standardization spokesman, a 
medium of missile information ex- 
change and a point of contact between 
the services and industry. 


AMRI Polls Industry 
on Missile Planning 


The Association of Missile & 
Rocket Industries is polling the na- 
tion’s manufacturers for practical ad- 
vice on ways to speed the U.S. mis- 
sile program. 

“The main question” said Kendall 
K. Hoyt, Executive Director of the 
Association, “is how to reorganize our 
scattered effort which has let the Rus- 
sians get ahead despite our superior 
resources.” 

The poll will seek answers to ques- 
tions such as these: 

“Is more centralized authority 
needed? If so, should it go beyond the 
regrouping within the Department of 
Defense? Should there be a ‘missile 
czar’ or a bipartisan board along the 
lines of the Atomic Energy Commis- 
sion, backed by a ‘watchdog commit- 
tee’ in Congress? 

“Is a new space committee needed 
to speed research or should the job be 
done by broadening the scope of the 
National Advisory Committee for 
Aeronautics?” 

The AMRI canvass of missile 
companies also will cover specific 
points regarding government contract 
problems. 


IAF Plans Ambitious 1958 


The International Astronautical 
Federation has ambitious plans for 
1958. The IXth Annual Congress will 
be held in Amsterdam, The Nether- 
lands, during the week starting August 
25, 1958. 

IAF President Andrew Haley tells 
m/r that his chief objectives for the 
congress are: obtaining technical 
papers from the world’s greatest sci- 
entists containing unique contributions 
to astronautics; ailocating the time 
equitably among the member societies 
throughout the world; generally en- 
hancing the worthwhileness of the con- 
gress from the standpoint of the dele- 
gates; injecting discipline into the in- 
formational services of the congress; 
and, finally, reorganizing the IAF in 
many respects, including the creation 
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of an Academy of Astronautics which 
would be composed of world-renowned 
scientists—skilled in both the natural 
and social sciences. 


“We expect new member societies 
from Belgium, Czechoslovakia, Mexi- 
co, Canada, Korea, Australia, New 
Zealand and India during 1958,” Haley 
says. There are currently 24 member 
societies. 


NAA Streamlines 
Engineering Dept. 


Following organizational changes 
have been made to streamline the 
engineering department at the Auto- 
netics division of North American 
Aviation to conform to present and 
contemplated work loads: 


Establishment of a new depart- 
ment—computers and control engineer- 
ing—and appointment of Donn L. 
Williams as its manager. 


Appointment of R. G. Shelley as 
manager of the fire control engineering 
department, succeeding James C. Elms, 
who has resigned. 


Establishment of a new section— 
test equipment—and appointment of 
G. B. Way as chief. 

Change of the reliability and 
standards structure, including transfer 
of the environmental laboratory group 
to engineering operations and of the 
automatic checkout equipment group 
to the new test equipment section. The 
new reliability and standards group 
will comprise components identified 
previously as mechanical and chemical 
standards and electronic standards. 


Static Test Near 
for Atomic Rocket 


ALBUQUERQUE, N.M.—The AEC 
has awarded a $2,058,355 contract to 
the Sierra Construction Corp. of Las 
Vegas, N.M. for construction of a 
static test stand at the Nevada Proving 
Ground to handle an atomic rocket 
motor. First test may come late in 1958. 

The atomic rocket is believed to 
use an atomic pile to heat and exhaust 
a working fluid. The working fluid is 
not known but it may be a low mo- 
lecular weight liquid. Highest exhaust 
velocity would come from liquid hy- 
drogen, though more practical fluids 
would be water, a hydrocarbon, liquid 
ammonia or hydrazine. 

Boron or lithium fuels may also 
be under consideration. Because of the 
temperatures and radiation hazards in- 
volved, it is probable that the thrust 
level of the first atomic rocket engine 
will only be a few thousand pounds. 
Preliminary work on an atomic rocket 
has been underway at AEC’s Los Ala- 
mos lab for several years. 
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Atlas Boosters Successfully Tested 





Blockhouse used in testing the ATLAS ICBM, Cape Canaveral, Fla. Its walls are six to 
ten feet thick and its dome of steel-reinforced concrete is topped by a 10-foot layer of 
sand. Four poles set in concrete on top of the dome house periscope lenses through 
which the missile is viewed during static firings and the first few seconds of a launch. 


The Air Force launched its Atlas 
ICBM last month in what was appar- 
ently a successful test of the two 
100,000-pound thrust boosters. There 
was no evidence of any malfunctioning 
in the vehicle, and the 600-mile dis- 
tance covered by the missile indicates 
that only the boosters were used in the 
test. No great speed was attained by 
the vehicle, as indicated by the fact 
that it was in view long after launch- 
ing and remained intact after impact- 
ing in the sea. 

It was the third attempt to get 
the Atlas off successfully; the first two, 
in June and September, failed and the 
missile had to be detonated from the 





Convair's ATLAS under captive test at Ed- 
wards Rocket Base, Calif. prior to flight test 
from Air Force Missile Test Center, Florida. 


ground. J. R. Dempsey, manager of 
Convair Astronautics, said that he be- 
lieves the Atlas could put a half-ton 
satellite into orbit within a year after 
getting the government's go-ahead 
order. Failure of the Army’s Jupiter-C 
vehicle to orbit a satellite might bring 
about such an order. 

Meanwhile, another Aflas is on 
its launching pad at Cape Canaveral 
awaiting launching. It will probably be 
a full-scale flight test of all three en- 
gines, instead of merely the boosters. 
This fourth missile in the Atlas family 
is not scheduled for any official launch- 
ing date, but possibly will be launched 
in the first few days of 1958. 





ATLAS ICBM in flight during short-lived test 
of June I!, 1957. Successful test of missile 
was conducted last month, using only boosters. 

4l 











vas 


a 


ro provioe FULL eorroriat Coverace 


FREQ 


UENTLY AS NEEDED IN A DYNAMIC: aa 


WILL BE PUBLISHED 


WEEKLY 


STARTING JULY 1958 


's most successful new business 
pyotication, providing technical news 
. views, features, engineering, elec- 
and business information for the 

n dollar missile market, has re- 


member, in addition to « major part of 
the aviation industry, the new missile 
market is made up of parts of mony 
ther industries, the » 
or type of magazine con satisfy. 
market with one 
‘AND ROCKETS 







SAC Gives U.S. Advantage Over USSR 


by Seabrook Hull 


The Strategic Air Command still 
provides the United States with an 
overwhelming retaliatory ability over 
the Union of Soviet Socialist Republics, 
according to Pentagon experts. Amer- 
ica’s 100-score Boeing B-47 Stratojet 
bombers plus the hundreds of B-52s 
now in service give the United States 
an overwhelming massive retaliation 
capability. Numerous and continuing 
SAC flights over the sovereign terri- 
tory of the USSR demonstrate this. 

The big problem that faces the 
West is not now—today-—but 12 to 24 
months from now. Russia has missiles 
capable of bombarding the North 
American land mass, particularly those 
that rely on submarines for launching. 
However, this initial striking ability is 
not sufficient to rule out massive re- 
taliation with modern nuclear weapons. 

SAC capabilities will be extended 
somewhat with the incorporation of 
the Bell Rascal, North American Avia- 
tion’s followup air-to-surface missile 
and the Mach-2-plus B-58. However, 
at the moment major reliance for ac- 
complishment of the SAC mission is 
placed on ECM (electronic and other 


countermeasure gear) and the mere 
overwhelming fact of numbers. 

Thus Russia’s advantage now is 
in the _ political-psychological _ field, 
rather than in the actual military field. 
However, there is strong evidence that 
the United States is lagging behind the 
Russians in missile and space flight de- 
velopment, that this Soviet advantage 
will result in weapons in being two 
years from now that give the Reds 
an overwhelming advantage in the bal- 
ance of modern weapons power. This, 
added to the massive numbers of 
ground troops and supporting forces 
reckoned in the Red arsenal, points 
toward a very dangerous situation two 
years from now, unless the West takes 
unprecedented steps. 

The clincher that demonstrates 
the United States capability through its 
SAC bombers is the fact that these 
aircraft continue to fly over the Soviet 
Union with a relative degree of im- 
munity. It is true that modern Rus- 
sian fighters attack our bombers with 
major advantages of altitude, speed 
and maneuverability. It is also true 
that they score some hits. But so far 





Chance Vought Made Ground Equip- 
ment 


Rocket alignment kit & simulator 
Missile hoist slings 

Tow bars 

Fuel release assembly 

Wingfold control, rigging & locking 
Parabrake packer assembly 
Checkout consoles 

Gyro test stand 

R/C monitor & test set 

Autopilot test set 

Radar test set 

Out-of-sight control test set 


Subcontracted Equipment 

Transicontainer & 
Stafford 

Landing gear tools—Bendix 

Handling trailer, work stand & 
adapter—Airlogistics 

Mobile missile dolly—Weber 

Engine cradle and adapter—Allison 


trailer—Spencer- 


Catapult cart—Cook Electric 

Cabling—Pacific Automation 
Products 

Fueling cart—Bowser 


Pulse delay generator—Farnsworth 





Regulus Ground Support & Launching Equipment Contractors 
The following breakdown is a representative example of the ex- 

tensive industry participation in the missile support and launching equip- 

ment field. Further breakdowns of this type will appear in later issues of m/r. 


Ground Equipment 


(Chance Vought and Subcontractors) 

Air conditioner—Dallas Air Condi- 
tioning 

Engine handling adapter 

Regulus inertial navigator handling 
adapter 

Aft & forward section containers & 
trailer—Freuhauf 

Utility dollies—Airlogistics 

Rocket dolly & _ rocket 
Freuhauf 

Mobile launcher—Freuhauf 

Hydraulic pump loading 
machine—C onsolidated 
Electric 

Slings and hoists 

Wingfold actuator 

R/C and Regulus inertial navigator 
test benches 

Assist guidance, telemeter and radar 
beacon test benches 

Airspeed height simulators—Halla- 
more Electric 

Auto pilot and engine run consoles 

Radio control consoles 

Start and launch consoles 

Servo monitor unit 

Hangar console & preflight console 
& guidance console—AC 
Spark Plug 


cart— 


and test 
Diesel 


assist 
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no attacks have been made by the 
Russians with missiles, either because 
they don’t have antiaircraft missiles 
that are operational or because the 
Reds don’t want to tip their hand. 

In any case U.S. radar and photo- 
graphic mapping missions over the 
Russian land mass continue with a fair 
degree of success and immunity. This 
indicates that in the event of an all- 
out situation, SAC bombers would get 
through in high enough proportion to 
result in a major catastrophe to the 
Soviet Union. The Kremlin knows this. 

Two years hence, however, it is 
a safe assumption that the Reds will 
have both our cities and our bases 
zeroed in with ICBMs; that they will! 
be able to destroy us and that because 
of their capability then with antiair- 
craft missiles, our retaliatory capability 
will be seriously diminished. Already, 
pilots and crewmen of the Strategic 
Air Command assume that theirs would 
be a suicide mission, if the countdown 
were Called. 


Snark Squadron to Cost 


$13 Million Minus Snarks 


Contractor-supplied equipment for 
a squadron of Northrop Snarks will 
cost $13 million, including ground- 
handling, launching and checkout gear; 
also, jeeps, trucks, etc., but not in- 
cluding permanent ground installations. 
Total cost of a Snark squadron has not 
been released. Nor is there currently a 
figure available on the number of 
Snarks that will be assigned initially to 
each squadron. 

However, there are indications: 
current orders for production of the 
Snark total up to some $140 million, in- 
cluding the first production contract for 
$73 million placed last July and a re- 
cently received letter of intent for fol- 
low-on production in the amount of 
$70 million. 

The price tag of a Snark is roughly 
$1 million. This means there are plans 
to buy about 150 of the birds. And 
though no indication has been given of 
the number of squadrons contemplated 
nor of the number of birds per squad- 
ron, for strategic reasons there will 
have to be a reasonable number of 
squadrons for geographic dispersement. 
If these total between six and 10, the 
number of birds will range between 15 
and 25 per squadron. 

The point is that the $13 million 
for ground hardware will constitute 
from 30 to 40 per cent of the original 
cost of the squadron. The number of 
officers and men assigned to a Snark 
squadron has been set at 740. 

One gets a good indication of 
where the $13 million goes from some 
of the available cost figures for ground 
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MOTORS for MISSILES 
by EEMCO 






‘’o design and produce motors for missiles that perform well beyond the limits 
of military specifications yet which maintain specified size and weight limitations 
is a constant objective at EEMCO. The design, development and testing of motors 





EEMCO TYPE 0-978 

Designed by EMCO that achieve these extreme performance characteristics requires EEMCO to con- 
for missile application — duct company-financed independent research far beyond that normally conducted 
unere qrevenges testing ie reqsived under full lead by a manufacturer of its size. In many instances EEMCO has been able to meet 


at a temperature range of +-180° F. to + 400° F. 
SPECIFICATIONS : Volts : 27 volts DC (24 to 32 volt 


range). : %4 HP (24 HP max. short time 
overload). R.P.M.: 12,000. Weight: 2.75 pounds. 
M ifications: Radio noise filter meets 


MIL-1-6181B. Explosion proof requirement meets 
MIL-5272A-Proc. 2. Altitude Operation: Tested suc- 
cessfully at over 200,000 feet altitude. Features: 
Built for high shock and vibration loading. 





EEMCO Type D-1022 


Designed by EEMCO for extremely high altitude 
operation with ambient temperature capacity to 
165° F. Type D-1022 is capable of unusually high 
shock and vibration loading. 

SPECIFICATIONS: Volts: 56 volts DC. Horsepower: 
8.5 HP at 85% efficiency. R.P.M.: 12,000. oy 
cycle: Two minutes. Ambient temperature: 165° F. 
Weight: 14.75 pe. Military Specifications: 
Explosion proof requirement meets MIL-5272A- 
Proc. 2. Features: Built for high shock and vibra- 
tion loading. 


rigid specifications, in fact exceed them, when other producers have failed. For 
example, three of these extremely rugged new EEMCO motors illustrated will per- 
form with reliability in the atmospheric conditions encountered at altitudes in 
excess of 200,000 feet, and they are built for unusually high shock and vibration 
loading. Please note the outstanding capabilities of the individual motors shown. 


EEMCO Type D-993 





Designed for missile applications where prolonged 
testing is necessary. Type D-993 will stand long 
idling periods with intermittent loads up to 1.25 
HP. It is capable of withstanding vibrational accel- 
erations of up to 125 “G’s” in a frequency spec- 
trum of 30 to 300 cycles per second. 
SPECIFICATIONS: Volts: 28 volts DC (24 to 32 volt 
range). Horsepower: .65 HP. R.P.M.: 9600 RPM. 
Weight: 6.2 pounds. Military Specifications: Radio 
noise filter meets MIL-1-6181B. Explosion proof 
requirement meets MIL-5272A-Proc. 2. Altitude 
Operation: Tested successfully at over 200,000 
feet altitude. Features: Built for high shock and 
vibration loading. 


EEMCO HAS DESIGNED and produced motors and actuators for missiles and aircraft exclusively 





EEMCO Type D-899 


Rated at 2.75 HP on continuous duty, EEMCO 
Type D-899 200-volt 400-cycle 3-phase motor 
is made with high temperature insulation 
allowing continuous operation at 3.5 HP or a 
correspondingly high ambient. D-899 contains 
an integral gear box. 

SPECIFICATIONS: Volts: 200 volts, 400 cycle, 
3-phase. Lead: 2.75 HP continuous duty. R.P.M.: 
3140 RPM. Power Factor: 83%. Overall 
Efficiency: 76% for entire unit including gear 
box. Military Specifications: Meets MIL-M- 
7969A (ASG). Weight: 11.25 pounds. Features: 
Type D-899 may be made splash- and drip- 
proof with minor alterations. Gear box, acting 
as motor support, places base at approximately 
the center of gravity of a motor-pump assem- 
bly thereby limiting extreme shocks and vibra- 


for the past 15 years. It has made nothing else. Exhaustive research and testing aimed at tions encountered in a missile. 
perfection in the art of building these units has been a constant objective since EEMCO was 
founded. As a result, extreme precision and reliability has been attained in its products; there- 


fore many of the latest missiles and aircraft being developed and manufactured for our Armed 


Forces today contain EEMCO motors and/or actuators. 
ELECTRICAL ENGINEERING & MANUFACTURING CORP. 


4612 West Jefferson Boulevard, Los Angeles 16, California—Telephone REpublic 3-015] 


DESIGNERS AND PRODUCERS OF MOTORS, ROTARY AND LINEAR ACTUATORS... EXCLUSIVELY! 


Your inquiry is invited. 


3-353 
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handling equipment in the Snark squad- 
ron. For example, the guidance tester 
costs $130,000; the flight control tester, 
$123,000; the flight motion simulator, 
$91,000; the launcher “over $100,000;” 
and the guidance access platform (just 
the platform for people to stand on 
while checking out the guidance), 
$9000. 

Presumably, considerably more 
than one of each will be required for 
each Snark squadron. With these price 
tags, the bill runs up quickly. 


**Astrolite’’ Plastics 
Resist 5000° F 


A new series of high-temperature 
reinforced-plastic materials for specific 
use in missile and rocket applications 
has been developed by the H. I. 
Thompson Fiber Glass Co., Los 
Angeles, Calif. 

Produced under the trade name 
“Astrolite,” the material is said to 
have an impressive resistance to ex- 
tremely high temperatures in the 5000°F 
range for relatively long periods. 
The company also states that short- 
interval performance of the material 
looks promising for ultrahigh tempera- 
tures up to 10,000°F. 

A combination of virtually pure 
vitreous silica fibers and a high-tem- 
perature resin binder, “Astrolite” is 
currently available in preimpregnated 
fabrics as well as fabricated parts. The 
fabrics can be furnished in both 
vacuum bagging and press molding 
grades and may be supplied as chopped 
fabrics on special order. 

In a demonstration of the new 
material, an oxy-acetylene torch with 
a flame of approximately 4600°F was 
applied to a one-half-inch panel of 
the laminate. Burn-through time was 
135 seconds. The same test applied to 
a one-half-inch steel plate resulted in 
a burn-through time of about 40 
seconds. 

In addition to the material’s in- 
sulation properties and thermal shock 
characteristics, company officials pointed 
out that one pound of “Astrolite” 
with a density of 102 pounds per cubic 
foot will outperform alloy steel with 
a density of 489 pounds per cubic foot. 


GE Gets Regulus Contract 


General Electric Co. has received 
a 3.5-million contract for the manufac- 
ture of J79-3A turbojet engines to power 
the Navy's Regulus I surface-to-surface 
missile made by Chance Vought. The 
J79s will be built at the company’s air- 
craft gas turbine division plant in Even- 
dale, Ohio, for delivery in 1959. The 
contract had been considered in Gen- 
eral Electric’s planning and is not ex- 
pected to affect previously announced 
employment levels. 


January, 1958 








news and trends 














REGULUS II takes off from its launching cart under power from a JATO bottle. The 
single bottle is installed beneath the missile and boosts it upward and forward. The first 
jet-assist launching of the missile was made in California at Edwards AFB. The Chance 
Vought missile uses a GE J79 turbojet engine and Stavid Engineering command guidance. 


British Given New Powerplant Details 


The Royal Aeronautical Society 
was given details of British govern- 
ment basic ramjet research by R. P. 
Probert of the National Gas Turbine 
Establishment on December 12. After 
discussing general ramjet theory he 
revealed details of the NGTE/Napier 
RJTV test powerplant series which are 
fired to altitudes of 65,000 feet and 
speeds of Mach 2.5 (1650 mph) on 
programmed basic research. These 
models were “intended to throw up 
working problems of application and 
keep research and development on a 
realistic basis” said Probert. The case 
of one round fired with complete suc- 
cess in all aspects under test, i.e. com- 
bustion, fuel control, cooling, intake 
techniques, was referred to as “wasted,” 
since the whole philosophy was one of 
trouble shooting. 

The Napier/ NGTE Dart started at 
600 lbs. gross weight launched by four 
wraparound finned boosters of 800 Ibs. 
weight to Mach 1.55. This configura- 
tion suffered excessive pitch instability 


at separation and so the RJTV was 
lengthened to 20 ft., with a weight in- 
crease to 950 Ibs. and eight concentric 
boosters, totalling 1800 Ibs. weight, 
were used to give acceleration to Mach 
1.75. Ramjet diameter is 16 inches. 
Thirty of these missiles have been fired 
to date, with one major change intro- 
duced for each flight. 

The double-shock centerbody in- 
take presented tough problems when 
off-peak, said Probert, because it 
caused uneven mass-flow distribution 
in the duct as soon as any yaw was 
introduced. NGTE has worked with 
a mixer which, for a pressure loss of 
only 0.2 of the approach velocity head, 
delivers a substantially even mass flow 
to the combustion zone. This device 
resembles a crenelated jet silencer noz- 
zle and works by slicing up the airflow 
radially and scooping alternate portions 
from center to periphery of duct and 
vice versa. 

Probert sees  variable-geometry 
ramjets (NGTE has experimented on 
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controllable intake and nozzles) as 
the truly economic high Mach cruise 
powerplant. Assuming afterburning 
turbojet for acceleration to Mach 2.0 
and a flight plan with climb and cruise 
at constant EAS of 500 mph, Probert 
estimated that cruise specific could be 
as low as 2.5 at Mach 4.0 at 80,000 
ft. Average afterburner specific was 
given as 2.3 up to Mach 2.0 after 
which thrust losses would prove unac- 
ceptable. 

“Two vital points,” said Probert 
“are the rough constant thrust charac- 
teristics of the ramjet which behaves 
in climb and acceleration like a super- 
efficient rocket, and the large excess 
of available thrust over cruise drag. 
For little extra weight over normal 
take-off powerplant requirements, the 
ramjet can ‘tack-on’ to the takeoff 
engines and deliver the airplane prompt- 
ly to guaranteed speed and height 
irrespective of aircraft weight and drag 
variations.” By closing the exhaust 
nozzle at maximum speed the sfc is 
reduced from its acceleration value of 
3.2 to 2.5, representing an engine over- 
all work efficiency of 40 per cent. 

“The ramjet offers high cruising 
speed and operating height, but high 
engine efficiency is useless if it can 
only be achieved at flight speeds in- 
volving prohibitive loss in lift drag 
ratio or structural efficiency,” Probert 
warned. “Variable-wing geometry, part 
ballistic flying, or structural and aero- 
dynamic airframe/engine integration 
might prove solutions. The end-point 
of ramjet development and the greatest 
prizes it offers will only be achieved by 
a drastic change in aircraft conven- 
tion.” 


Ramo-Wooldridge Sets Up 
Space Technology Labs 

With establishment of the Space 
Technology Laboratories as an autono- 
mous operating division of the Ramo- 
Wooldridge Corp., Dr. Simon Ramo 
has relinquished his duties as executive 
vice president and secretary of the 
corporation to devote full time as presi- 
dent of the laboratories. He remains as 
a board member of the parent corpora- 
tion. 

The new division is an outgrowth 
and extension of the former guided 
missile research division, the unit of 
the company responsible for the tech- 
nical direction and systems engineering 
for the Air Force’s Atlas, Titan and 
Thor ballistic missile programs. Dr. 
Louis G. Dunn, who was vice presi- 
dent and director of the guided missile 
research division, has been named ex- 
ecutive vice president and general man- 
ager of the new Space Technology Lab- 
oratories. Dr. Ruben F. Mettler is vice 
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president and assistant general manager. 
Space Technology Laboratories will 
have its own completely separate per- 


sonnel, facilities and services, Dean E. | 


Wooldridge, Ramo-Wooldridge _presi- 
dent, said. It will occupy the facilities 
on Arbor Vitae where the Air Force 
ballistic missile offices are located. The 
corporate offices of Ramo-Wooldridge 
will move into the new research center 
now under construction on El Segundo 
Boulevard. 


Transfer of several top R-W sci- | 
entists and technical experts to the en- | 


larged laboratories’ organization will 
shortly be announced. The laboratories 
will engage in no manufacturing oper- 
ations, the objective being to serve the 
government and its production contrac- 


tors in the field of space weapon | 


systems. 


New Test Chamber In Use 


A new environmental test cham- 
ber constructed in Rocketdyne’s ma- 
chine shop will be used to dry run 
complete engines in temperature ex- 
tremes ranging from —80°F to +185°F., 
combining various degrees of humid- 
ity from 20 to 95 per cent. 


T. W. Wileox Heads 
Missile Consultant Agency 


Thomas W. Wilcox, Air Force 
Office of Scientific Research’s chief for 
scientific liaison and analysis, has an- 
nounced his resignation in order to 
head what will be Washington’s first 
technical and public information agen- 
cy devoted exclusively to the problems 
of the missile and rocket industry. 

Wilcox, president of the new 
Washington, D.C. firm, Thomas Wil- 
cox and Associates, Inc., was formerly 
assistant to the financial editor of the 
Philadelphia Evening Bulletin and an 
account executive with Carl Byoir and 
Associates. He later worked for the 
aviation division of Kaiser Metal Prod- 
ucts as coordinator for production and 
procurement. 

In 1951 he joined ARDC head- 
quarters at Baltimore where he made 
procurement and management surveys. 
He was transferred to AFOSR in late 
1956. 


New Missile Container 
Wins Award for Northrop 


A Northrop Aircraft-designed mis- 
sile container, employing arctic truck 
tires for protective cushioning, was 
awarded first prize at the recent Na- 
tional Industrial Packaging and Han- 
dling Exposition. 

In the container developed for 
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cdc control services, inc. 
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Designed and developed by Edison in record- 
breaking time, this subminiature control sys- 
tem does a full-size job in helping to steer 
one of the country’s newest missiles. 

Subminiature systems work of this kind 
has been conducted at Edison for a long time. 
The many facilities of the company work 
together, complement each other...add up 
to unmatched electronic systems capability. 

The above photo illustrates a system that 
contains a mixer circuit, pre-amplifier, mag- 
netic amplifier, servo motor, close tolerance 
gear train and control transformer, all of 
which, when hermetically packaged, weigh 
only 9.5 ounces. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


85 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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missile control system 
sets new standards 
in miniaturization 
and performance 





Systems responsibility assignments have 
helped shape the structure of Edison. Servos, 
servo systems, magnetic amplifiers, computers, 
transducers, precision gear trains and minia- 
ture relays — the building blocks of missile 
electronics — are all designed, developed and 
produced at Edison. All products are backed 
by field service facilities staffed with experi- 
enced engineers. 

Edison research facilities are among the 
best in the country. Engineers and scientists 
can call on analog computers, on fully 
equipped chemicaland electronic laboratories. 

For remote control circuits — for all types 
of electronic systems and subsystems, write to: 
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shipping and tactical use of Hawk mis- 
siles, the missile is inserted into a steel 
tube which is secured by two tire rims 
at each end. Arctic-type truck tires 
comprise the suspension system which 
protects the missile from shock during 
shipment. A light steel tubular structure 
encases the tires and container to ab- 
sorb rough handling. 

The low-cost container is adapted 
to transportation by any means, includ- 
ing helicopter. Two men, using hand 
tools, can open it and withdraw the 
contents in two minutes or less. 


U.S. Steel Develops 
New “Sandwich” Process 

United States Steel Corp. has de- 
veloped a method of rolling thin stain- 
less and alloy steel sheets for missile 
uses to widths nearly twice as great as 
possible by previous methods. The 
“sandwich” rolling process produces 
steel sheets up to 90 inches wide and 
it is anticipated that greater widths 
may be possible as a result of the new 
technique. 

The process is expected to reduce 
the overall weight of missiles by elim- 
ination of joints and seams that re- 
sult from use of narrow sheets to con- 
struct missile skins and airframe parts. 
The company says the wider sheets 
retain the advantages of stainless and 
alloy steels. 
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A “sandwich” at U.S. Steel is inspected by development metallurgist James Noble before 
it is rolled at the company's Homestead District Works. The plates inside the “sandwich” 
have been coated with a special separating compound to avoid sticking when it is rolled. 


The new method consists of sand- 
wiching stainless or alloy steel plates 
between two heavier plates of ordinary 
carbon steel, closing the assembly with 
welded-in side and end bars, and, after 
heating, rolling the “sandwich.” Ex- 
isting rolling mills are used in the 
process. In rolling, the “sandwiches” 
have the working characteristics of the 
carbon steel cover plates rather than 
the stainless or alloy steels inside, so 
that no revamping of rolling mills to 


supply more power or stiffen the rolls 
has been necessary. 

U.S. Steel is currently engaged 
in refining the process and is studying 
the best “sandwich” design and as- 
sembly methods, as well as suitable 
ways to heat treat, quench, flatten, and 
finish the sheets. Engineering studies 
are currently under way to determine 
the additional equipment necessary to 
put the process on a production basis 
for the missile industry. 











Valves for the Missile Age 


The attention given to the handling of liquid 
propellants for missile ground installations 
is of no lesser importance than the develop- 
ment of the missile itself. PACIFIC Y 
Globe valves meet the rigid specifications 
for handling liquid oxygen and other pro- 
pelling agents with valves that are designed 
for: (1) Aigh operating efficiency, (2) the 
reliability for continuous operation. The 
BIG difference in PACIFIC Y Globe valves 
is greater flow with /ess turbulence. Straight 
through circular ports with angular seat and 
disc control reduces flow deflection and tur- 
bulence. Shoulders and pockets are elimi- 
nated and the design effect promotes high 
flow factors with minimum pressure drop 
Liquid gases are easily controlled and each 
valve is designed to operated in low tem- 
perature, high pressure service. 
















Address all inquiries to: 


PACIFIC VALVES, INC. 


3201 Walnut Avenue 
Long Beach, California 


ANOTHER QUALITY PRODUCT OF PACIFIC VALVES, INC 


Sales Offices in Most Principal Cities 
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Kolcast Investment Casting 


Missile bulkhead cast in 
Timken alloy 17-22 at Kolcast. 
Weight: 250 pounds 
Diameter: 30 inches. 
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s this big... 


can help cut your 
missile lead-time 


This bulkhead for a missile is 30 inches in diameter, 
weighs 250 pounds. It was cast by Kolcast in high- 
strength, high-temperature alloy steel as an invest- 
ment casting. It has not been machined! 


As-cast surfaces, contours, and dimensions of 
Kolcast parts are so accurate that a minimum of 
surface metal has to be removed to prepare them 
for assembly. 

The machining and finishing that you don’t need 
to do on a Kolcast precision metal casting reduce 
costly alloy scrap and machine-hours on high- 
burden tools. Skilled man-hours and time are saved, 
too. Lead-time on jobs can often be reduced many 
weeks and sometimes months because of the 
operations eliminated on a Kolcast part. 


Let our sales engineers show you case-histories 
on parts that have been designed and cast by Kolcast 
for leading manufacturers. Your engineers will find 
our designers helpful in changing over to Kolcast 
investment castings on parts weighing ounces or as 
much as 500 pounds. 


Write on your company 
letterhead for the 16-page 
booklet which describes Kolcast 
parts and facilities. 

Ask for Booklet MR-1. 





HROLCAST INDUSTRIES zc. 





16601 EUCLID AVENUE a, ~ CLEVELAND 12, OHIO 
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Snap-Tite coupling in 
disconnected position, 
valve closed 








Here is a specially designed Snap-Tite quick-connect, quick- 
disconnect coupling, ideal for use in missile-fueling systems. 
/ This unit is specifically designed to be manual-connected . . . 
can also be disconnected manually, or by use of an air- 
actuated remote control. 









NOT A DROP SPILLED! 
When the coupling is disconnected, it spills only that small 
amount of fluid which clings to the metal. The valves in both 
the coupler and nipple automatically shut off when dis- 
connected, with no leakage. 






NO AIR INCLUSION! 


Coupling operation encloses only a minute amount of air. 






MINIMUM PRESSURE DROP! 
Smooth, streamlined passages assure maximum flow. 


Variations of this coupling, to meet your required specifica- 
tions, can be furnished with the appropriate seals to handle 
liquified gasses, exotic fuels, and a large variety of fluids with 
working pressures up to 3,000 PSI and temperatures from 
—300°F to +400°F. Units have been designed up to and 
including 5” size. 


STANDARD COUPLINGS, TOO! 

Your coupling needs might not be as critical as the coupling 
shown here, but you can be sure, when buying standard 
Snap-Tite couplings, that the same outstanding engineering SNAP-TITE COUPLINGS CAN HANDLE 
and manufacturing skills are basic throughout the Snap-Tite ALMOST ANYTHING THAT FLOWS 
line. Write for complete catalog . . . or describe your specific 
coupling problems. Snap-Tite, Inc., Union City 12, Pa. 
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Recent Contracts for 
Missiles and Equipment 
Tidewater Oil Co., $539,648 for 
rocket fuel . . . Gilfillan Bros., Inc., 
$39,550 for repair parts for Corporal 
missile system . Western Electric 
Co. of Burlington, N.C., $217,701 for 
Nike spare parts & components... 
Aerojet-General Corp., $146,450 for 
research studies on positive ion surface 
emission for ion propulsion systems 
. Bell Aircraft Corp., $93,216 for 
research observation of burning pro- 
pellants in rocket engines . . . Atlantic 
Research Corp., $41,168 for continua- 
tion of research on solid propellant 
combustion . . . Union Oil Co. of Cali- 
fornia, $276,644 for RPI rocket fuel 
. Rohm & Haas Co., $1,590,001 
for continued research and develop- 
ment in the field of solid propellant 
rocketry; operation of pilot lines and 
facilities . National Cooler Divn., 
W. F. Ryan Corp., $183,750 for pro- 
pellant mixture . . . Paul Smith Con- 
struction Co., $561,141 for construc- 
tion of GE guidance facilities, Mod. 
Ill and $274,570 for construction of 
additions and modifications to Complex 
17 and 18, Air Force Missile Test 
Center, Patrick AFB, Fla. . . . Elec- 
tronic Engineering Co. of California, 
$41,400 for increase in funds . . . The 
Regents of the University of Minne- 
sota, $53,317 for continuation of re- 
search on flame stabilization of bluff 
bodies at high speed and large Rey- 
nolds numbers . . . Douglas Aircraft 
Co. for supplies and services relating 
to the Honest John missile . . . General 
Electric Co. of Phoenix, $1,118,084 
for digital computation facility opera- 
tion . . . Grand Central Rocket Corp., 
$53,943 for propellant development. 


Lockheed Builds 
Polaris Facility 

Lockheed missile systems division 
is building a $3 million Polaris devel- 
epment facility for the Navy at Sunny- 
vale, Caiifornia. The 153,000-square- 
foot steel and concrete building will 
stand on thirteen acres of land between 
the company’s present buildings and 
San Francisco Bay. Construction is 
now under way and completion is 
scheduled for about July 1. The new 
structure will house testing facilities, 
engineering, planning, administrative 
support and Navy administration for 
the Polaris FBM. 


Missile Delivery From 


U.S. to Europe Lags 


Deliveries of missiles from the 
United States to European countries 
are behind schedule, the London Daily 
Telegraph reports. The British news- 
papers said that it had been planned 
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to send at the beginning of next year 
numbers of Nike, Honest John and 
Matador missiles to various European 
NATO countries. Now, it seems, Honest 
Johns will not be ready for delivery 
until the middle of 1958 and Nikes 
will not be available for shipment until 
the fall. 

Denmark, Norway, Italy and 
Turkey are to get Nikes and Honest 
Johns while Belgium will receive only 
Nikes. West Germany may take over 
some Nikes and Honest Johns from 
U.S. forces in Germany. The West 
German government has a plan to pur- 
chase two squadrons of Matadors. 











HUL 
B 





os) 


c=. 
a 


AIRCRAFT 
FASTENERS 











news and trends 








New Space Age 
Company Formed 


One of the first companies formed 
explicitly to meet the requirements of 
our space age is Data-Control Systems 
Inc. The new company has been estab- 
lished specifically to integrate the four 
fundamental aspects of guidance and 
control—1) measurement, 2) computa- 
tion and data-handling, 3) telemetry, 
and 4) control—as they pertain to 
manned and unmanned vehicles. 

The company’s plans do not em- 
brace the problem of building or oper- 












HUCK CKL Fasteners have played an 
important part in the development of 
America's faster-than-sound airborne 
craft. 


Their many unique features offer maxi- 


mum dependable strength at minimum 
installed cost, plus: 


© High strength to weight ratio. 

© Positive mechanical lock. 

© Excellent sheet pull-together. 

© High shear and tensile strength. 

© Absolute sealing quality. 

© Simple visual inspection. 

There is a HUCK fastener to meet 
your requirements. Our specialized 


fastener experience is at your 
service. 


H U ‘af MANUFACTURING COMPANY 


2480 Bellevue Avenue Detroit 7, Michigan 
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ating airframes or propulsion units. The 
company is concerned exclusively with 
data and control systems. Some other 
companies will be concerned with pro- 
pulsion systems, others with aerody- 
namic and vehicular systems. 





Australia to Produce 
Improved Jindiviks 


a pressure pickup 


Plans for an imroved version of 
the Jindivik pilotless target plane with 
a jet-plus-rocket dual powerplant are 
being developed by the Australian 

| Government Aircraft Factories to give 
the Jindivik a ceiling of 70,000 feet. 
High-altitude operation is regarded as 
more important than supersonic speeds 
for the Jindivik. 

Latest models of the Jindivik are 
powered by Armstrong Siddeley Viper 
jet engines. The rocket engine still to 

| be chosen would be a small unit with 
a liquid propellant and would prob- 
ably be attached externally at the back 
| of the fuselage. 





smaller than a dime 





withstands 200 G’s 














CEC’s new miniature Type 4-320 Pressure Pickup 
operates at line pressures up to 300 psi . . . measures 
differential pressures in ranges from + 7.5 psid to 
+ 50 psid, and gage pressures in the 

25 psig and 50 psig ranges. 

Ideal for airborne applications, the 4-320 

features extremely small size (diaphragm 
diameter .475” x %” nominal thickness), light 
weight (4 grams), and ability to operate over 

a compensated temperature range of 

—65 to +250°F. 

Also available is the new Type 4-321 Pressure 
Pickup, which extends the applications 

of the 4-320 by providing it with a stainless-steel 
casing, one inch square and %” thick. Although 
designed particularly for differential 
measurements, the 4-321 can be used for gage 
pressures by venting the reference inlet to 
atmospheric pressure. Write for 

Bulletin CEC 1579-X1. 











| A collection of Argentine-built rockets for 
artillery and aviation use, developed by the 
| Instituto de Investigaciones Cientificas y 


a “ | Technicas de las Fuerzas Armadas. 
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300 North Sierra Madre Villa, Pasadena Calif Negotiations With ( ,ermany 
oo" | on Sale of Matadors 


RECOGNIZED LEADERS IN GALVANOMETERS, TELEMETRY, 


PRESSURE AND VIBRATION INSTRUMENTATION U.S. Air Force is negotiating with 


West Germany on the price to be 
charged for the $100,000 Martin Mata- 
dor and its associated launching and 

ahs 7 ‘ | checkout equipment. This is part of the 
—_— > * , | NATO program for integrating U.S. 
and West European Defense. 

Of the member nations in the 
| North Atlantic Treaty Organization, 
two in Europe have agreed to pay their 
own way all the way. These are the 
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This Argentine-built air-surface missile is wire- 
Investigaciones Cientificas y Technicas de las Fuerzas Armadas. 
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vided. It was developed by the Instituto de 





United Kingdom and West Germany. 
For this reason there is some fairly 
close trading going on between the 
U.S. and these nations. 


Other countries will pay for part 
of the weapons they receive from the 
U.S. The balance of the tab they'll get 
in the form of Mutual Defense Assist- 
ance Program (MDAP) money. These 
countries are not so interested in what 
the United States charges for its weap- 
ons, since the United States foots “the 
difference” anyhow. 


Nothing has been released as to 
how many Matador squadrons will be 
based in Europe, but there are now 
plenty of Matadors around, and the 
need for strong forces in Europe im- 
plies that many will be established. 


Aussies Plan 
New Rocket Program 


A program for firing long-range 
missiles into the upper atmosphere is 
under way at Woomera, Australia’s 
Minister for Supply, Howard Beale, 
has announced. The missiles will travel 
“some hundreds of miles,” he de- 
clared. Beale said there was also a 
project at Woomera as part of the 
International Geophysical Year for 
putting test missiles into the tropo- 
sphere at high speed and great dis- 
tances. 

There was, however, no proposal 
at Woomera to launch earth satellites. 
Woomera had started off with short- 
range rocket projects and was now 
concentrating on _ intermediate-range 
missiles. 


In a further announcement the 
Minister said that the fourth Skylark 
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rocket had been successfully launched 
at Woomera. The rocket was fired at 
an angle of six degrees from the verti- 
cal and reached an altitude of 83 
miles. A maximum velocity of 3307 
mph was reached. The point of impact 
was 107 miles down-range and the 
Skylark had been recovered. The fir- 
ing was designed to check some of 
the Skylark’s instrumentation. 


Red Academician 
on Soviet Advances 


In an article entitied “Inspiring 
Prospects” published in Pravda, the 
Soviets’ world famous Academician A. 
F. Ioffe declares that “we must not 
forget that side by side with the tech- 
nical achievements” of the Soviet 
ICBM, Sputniks, and passenger jet 
planes, “our country has just as many 
successes and discoveries to its credit 
also in the field of the so-called ‘pure’ 
physics.” He goes on: 

“In the problem of semiconduc- 
tors, which is my specialty, it was the 
Soviet scientists who originated, for 
instance, the ideas of polarons, which 
are free electrons surrounded by an 
electrified environment; also ideas on 
excitons and phonons as two kinds of 
status of environment with a height- 
ened energy; also ideas of special con- 
ditions of electrons on the surface of a 
body. 

“It was Soviet physicists who have 
discovered, studied, and widely applied 
segneto-electrics, which are substances 
whose electric characteristics are higher 
than their ordinary ones, just as—mag- 
netically speaking—iron is above cop- 
per or glass.” 


Academician Ioffe also states that 
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lf you need a new source that knows 
slip rings inside out — with the capacity 
for any quantity — and a proven rec- 
ord in aviation, ordnance and marine 
needs, then send for the Electro Slip 
Ring Brochure. 
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+ prospectus describing Atomic 
Development Mutual Fund, Inc. This 
8 fund has more than 75 holdings of 
™ stocks selected from among those 
of companies active in the atomic 
field with the objective of possible 
= growth in principal and income. 
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Official publication of Aircraft In- 
dustries Association. Compilation 
of facts from hundreds of sources 
in the world of aviation during 
the past year, of prime importance 
or interest. 120 pages. Indexed. 
6” x 9”. Heavy paper bound. Illus- 
trated. 
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| Laboratory 


it was Soviet scientists who “discovered 
new phenomena of paramagnetic res- 
onance, also of photomagnetic effect, 
also the new type of light-radiation by 
fast electrons, and the new type of 
light-diffusion.” (This last, he remarks 
in parentheses, was simultaneously dis- 
covered in India.) He claims for the 
Soviets “the discovery of superfiuidity 
of the second sound in a certain kind of 
helium at the lowest possible tempera- 
tures.” He ascribes to Soviet savants 
also “the discovery of new facts and 
new ideas in the field of stability and 
plasticity of crystals and high-molecular 
substances; the creation of a new theory 
of chemical processes of combustion 
and explosion; the evolvement of new 
ways of generating electric energy, and 
of creating both cold and heat with the 
aid of semiconductor-thermoelements.” 

All these, he writes, are only a 
very few of the latest Soviet discoveries 
and applications in Soviet physics 
“deeply affecting the science and tech- 
nology of our time.” 

He explains that the outside world 
hardly knew and little appreciated these 
great Soviet advances partly because 
“for many years we published results 
of our work in Russian only, and this 
made them inaccessible to the majority 
of foreign scientists.” 


Cosmic Rays Studied 
from Sputnik Il 


his “An Automatic 
published in 


article 
in Space,” 


In 


| KRASNAYA ZVEzDA, the Soviet Ministry 


| great 


of Defense daily, V. Mikhnevich, a 
candidate of physics-mathematical sci- 
ences, states that Sputnik II enabled 
Soviet scientists to “carry out a num- 
ber of investigations in the upper strata 
of the atmosphere and beyond, which 
until then were simply impossible.” 

Among these experiments he lists 
“the investigation of shortwave ultra- 
violet radiation of the sun, which has 
scientific and practical signifi- 
cance for physics, astronomy and geo- 
physics.” 

Mikhnevich states that “the ultra- 
violet radiation of the sun is almost 
entirely absorbed by the earth’s at- 
mosphere,” which, while guarding the 
earth’s living organisms from the harm- 
ful effects of this radiation, at the same 
time prevents groundbound scientists 
from studying the ultraviolet rays 
“sufficiently completely.” That was 
why such research instruments had to 
be carried beyond the earth’s atmos- 
phere in Sputnik Il. 

Three special photoelectronic 
multipliers, serving as receivers of 
radiation, are among Sputnik II's in- 
struments. “When sun rays struck the 
optical field of one of the three re- 





ceivers, signals given off by the photo- 
multipliers were strengthened and, with 
the aid of a telemetric system, were 
relayed to the earth.” 

To help Soviet scientists study 
“the physical nature of cosmic radia- 
tion,” special instruments in Sputnik 
II ascertained changes “in the inten- 
sity of such radiation . . . in the num- 
ber of particles with various energies.” 

A special semiconductor-based 
register counted “their number occur- 
ring in a certain period of time,” then 
broadcast this information as radio 
signals to the earth. “A_ preliminary 
survey of this information has already 
given us a clear idea of the dependence 
of the number of particles of cosmic 
radiation on the geomagnetic latitude.” 

Weightlessness is another prob- 
lem studied with the assistance of 
Sputnik Il, Mikhnevich writes. Thanks 
to Laika, for the first time in the his- 
tory of modern science the weightless- 
ness of a living being lasted “not min- 
utes as before,” but “several days.” 
Valuable data on weightlessness was 
thus received, and much of it has al- 
ready been studied and appraised by 
Soviet scientists. 

Seven days was the planned span 
of function for Sputnik II's instru- 
ments, Mikhnevich declared. “Now 
that this period of time has elapsed 
and the program of measurings is com- 
pleted, the radio transmitters of the 
automatic laboratory of Sputnik Il 
ceased their work.” 

Continuing its orbiting, the now 
voiceless Sputnik If will stay up “per- 
ceptibly longer” than Sputnik 1, writes 
Mikhnevich. No guess is advanced by 
the Soviet writer, however, as to how 
long this would be. 


Bigger Sputniks 
to Boost Television 

Use of a satellite of the earth to 
boost the present range of television 
broadcasts is suggested by Professor 
S. Katayev in the Moscow IzvesT1a for 
December 1. 

In his article, “Sputnik and Tele- 
vision,” the Soviet scientist recalls that 
such novel employment of a satellite 
“has been attracting the attention of 
television experts for a long time and 
was even discussed at a scientific-tech- 
nical conference in 1953.” But at that 
time, “the implementation of this idea 
seemed implausible, since the main 
thing—a Sputnik—was lacking.” 

Now, however, with two Soviet 
satellites already in their orbits, the 
prospect becomes “wholly realistic,” 
and Red Sputniks of the very near 
future may become just such needed 
relay and boosting stations to make 
television truly farflung in “such large 
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SPACE stands ready to research, develop, design, fabricate, 
install and service specialized equipment for your needs 


* ie SPACE—a new corporation for the new complexities of tomorrow's 
ground support equipment—a skilled team of scientists, engineers, 
technicians and top management organized to plan and produce for 


every requirement, however large or small, however difficult. 


Already SPACE has completed projects ranging from semi-portable 
turbo-jet test cells to actuator systems and weight and thrust measuring 
, system installations for the Atlas and Titan programs. Countless new 
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An inquiry about SPACE’s unusual operation—as it may be of service 


to you—will receive immediate and confidential attention, 
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Logic, skill and vision find a special place 

with SPACE. If you enjoy working at the 

edge of the future, you'll want to write G © fA fe . 
today about the opportunities that may P , 
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territories as possessed, say, by our 
nation.” 

With the help of a new and large 
Sputnik, “Moscow television programs 
could easily be relayed not alone to 
any point of the Soviet Union, but also 
far beyond its borders, to China and 
Antarctica, for instance.” 

Such a new Sputnik, however, will 
most likely have to be quite a lot 
bigger than even the half-ton Sputnik 
II, the Red savant continues, and it 
will have to be sent up to a height 
“considerably greater than the height 
of the first two Sputniks.” He names 
“some 35,000 kilometers” as such a 
necessary height. 

The new Sputnik will have to be 
sent up “in the area of the Equator.” 
It can be made to stay and “wander 
slowly in a limited space, as if ‘hang- 
ing’ over one of the regions of the 
Equator,” so that “television signals, 
relayed by its antenna, could be re- 
ceived everywhere on the surface of 
the hemisphere facing it.” 

The new Sputnik’s television re- 
lay-and-boost facilities will be entirely 
unmanned and automatic, Professor 
Katayev declared. 


Reds Push 
Propellant Research 


Soviet propellant research is in 
high gear and is now feeding the vast 
missile hardware program. In just one 
month the following view of propel- 
lant research was presented in unclassi- 
fied publications: 

OXIDANTS. The Technical Uni- 
versity of Odessa has been concerned 
with the long-term storage of concen- 
trated hydrogen peroxide and its effects 
on metals. Considerable work has been 
done on the chemistry of superoxides 
of the light metals with an eye toward 
possible synthesis of hydrogen super- 
peroxide. Guanidine nitrate for solid 
propellants is being investigated. Syn- 
thesis of new organic peroxide mono- 
propellants is also under way. 

FUELS. Exotic fuels have been 
under test for some time; in particular 
these fuels are centered around com- 
pounds of lithium, beryllium, and bo- 
ron. Lithium boride is under test for 
solid-fuel ramjets while lithium hy- 
dride is under evaluation for under- 
water propulsion systems. Aliphatic 
and aromatic amines are receiving a 
great deal of attention at universities 
in the USSR, Bulgaria, and Yugosla- 
via. Hydrazine derivatives and di- 
methyl hydrazine, powerful rocket 
fuels, are in test or production. The 
stability of hydroxylamine fuel com- 
pounds is being evaluated for use at 
high temperatures. 

FREE RADICALS. Considerable 


free radical work is indicated—partic- 
ularly thermodynamic properties at 
high temperatures. Fragments include: 
C,, CH, CH,, and CH,. 

MATERIALS. With titanium and 
vanadium alloys already in standard 
hardware components, intensive work 
is going on toward improvement of the 
high-temperature oxidation of niobium 
and tantalum. Chromium titanate is 
being considered for use in tempera- 
ture-resisting coatings. Extensive use of 
silicone and fluorine polymers is also 
reported. 


Soviet Scientist Appeals 


For More Research Funds 


Alexander Nesmeyanov, president 
of the USSR Academy of Sciences, has 
gone before the Supreme Soviet and 
asked for more funds to continue the 
Soviet Union's scientific progress. The 
scientist criticized antiquated equip- 
ment, useless expenditures and dupli- 
cation of effort in the country’s re- 
search program. 

Scientific research in the USSR 
currently amounts to one-fifth of the 
entire defense budget. However, Nes- 
meyanov called for higher appropria- 
tions for industrial research. He 
pointed out that in capitalistic coun- 
tries industry sometimes devotes 10 to 
15 per cent of its income to research, 
and in many cases it is very profitable. 

Nesmeyanov, whose _ scientists 
built the earth satellites and the Soviet 
ICBM, warned against overconfidence 
in the Soviet scientific achievements. 
“Great efforts are still necessary to 
surpass the United States on all sci- 
entific fronts,” he said. 


USSR 1957 Oil Output: 
98 Million Tons 


The Russian oil industry claims 
that the 1957 oil output was 98 million 
tons, and that use of the oil as fuel 
for a trip into cosmic space could 
launch a rocket ship weighing more 
than 60 million tons. 

The Soviet iron and steel industry 
reveals that it produced more than 
37-million tons of cast iron and 51 
million tons of steel in 1957—enough 
“to construct a two-track railroad to 
the Moon.” 


Red Koreans 
Join IGY 


A new astronomical observatory 
which will be used in work programmed 
by IGY, has recently been built in 
Pyongyang, capital of North Korea. 
The equipment came from East Ger- 
many, by way of the Soviet Union. 
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T-42 in missiles, rockets, satellites 

The T-42 looks like such a little thing. Hardly seems worth the name “Ionization Transducer.” But the idea behind it 
is big . . . so big that in the few short years since it was introduced by Decker it has found itself a place in the instru- 
mentation systems of every major U.S. rocket and missile. And there is space reserved for it in our satellite. 


THE 'DECKER & CORPORATION Bala Cyawyd, Pa. 
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OptiTherm*® 
Infrared 


Radiation 
Sources 


Temperature controlled 
black bodies 


Infrared sources are typical of the 
integrated line of OptiTherm com- 
ponents available from Barnes En- 
gineering. OptiTherm Sources are 
universally recognized as precise 
black body standards for testing 
and calibrating infrared detectors, 
systems and instruments. Most of 
the calibration sources for the 
SIDEWINDER program are made 
by Barnes Engineering. 

You will find five models of 
OptiTherm Sources to choose from, 
with controlled temperature ranges 
up to 600°C. Four laboratory units 
with .5” cavity openings are avail- 
able, and one model for field use 
has a 12” x 12” reference surface. 
All models are compact, yet rug- 
gedly built, and are readily coor- 
dinated with other components in 
infrared systems. 

Advances in radiation and re- 
mote temperature measurement 
owe much to developments that 
originated with the Infrared Divi- 
sion at Barnes Engineering. They 
are equipped and staffed to develop 
your infrared systems. 


If you are thinking of using infrared, 
write for complete information on the 
integrated line of Barnes OptiTherm 
infrared radiometers, sources, 
detectors and components. 


BARNES ENGINEERING COMPANY 
Stamford, Connecticut 


Are you on the mailing list for 
TECHNIQUES? This publication, 
devoted to developments in infrared 
detection, will be sent on request. 
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Noviet Affairs 


by Dr. Albert Parry 


Prof. Anatoly Blagonravov announces in Moscow that, despite 
the foreign surmises that the Soviets’ new propellant fuel was used 
for the first time in launching Sputnik II, “there was absolutely no 
difference between the fuel of Sputnik I and Sputnik 11.” In other words, 
the tremendous propellant employed in sending off the satellite with 
Laika had been available and used one month earlier, though perhaps 
in a smaller quantity and with a reduced force, in placing Sputnik | 
into orbit. 


“It is a difficult task to find nuclei of atoms of various ele- 
ments in the composition of cosmic rays,” declares S. N. Vernov, a 
member of the Soviet Academy of Sciences. But, he hopes, “our Sputniks 
unfold an opportunity to investigate most fully the makeup of primary 
cosmic radiation. Apparently we will succeed in finding such com- 
ponents of cosmic radiation which will unlock many secrets of the 
Universe.” The aim of Vernov and his colleagues is to “try to find, 
in primary cosmic radiation, nuclei of lithium, beryllium, and boryl,” 
among others, “of heavy elements, especially.” 

Vernov also speaks of “great opportunities, opened by our 
Sputniks, to attempt anew the finding of electrons and of those most 
minute particles of light—photons—in the makeup of primary radiation.” 


A future Sputnik, “with a specially selected orbit,” will enable 
Soviet scientists to study and solve the puzzling appearance and disap- 
pearance of craters on the moon. This task is among “the many prob- 
lems which we must solve in the nearest possible future,” Soviet 
astronomer and geodesist F. Y. Zigel states. He also wants to use the 
new Sputnik to investigate and unlock the secret of the “mysterious 
whitish clouds in certain areas of the Moon.” What “moonquakes” 
or other catastrophes have recently caused such crater changes and 
clouds? New Sputniks will soon answer this question, Zigel promises. 


Writing in Izyvestia, candidate of technical sciences G. Petrov 
and engineer E. Radzivilov discuss electronic “machine-mathematicians” 
of “uninterrupted action” which can do “research in objects existing not 
in actuality but only in a projected phase,” particularly in the realm 
of flying. Such computing machines, the two Soviet authors say, are 
already being used outside the Soviet Union (meaning, most likely, the 
United States) “to create simulated flights, one of the most remarkable 
achievements of electronics,” especially to set up under laboratory 
conditions “some most divergent circumstances of performance of the 
objects being researched, among others also circumstances of danger 
of crashing.” 

The interesting point of the above is that the two Russians speak 
of foreign, non-Soviet (probably American) use of these electronic 
computers in a way which indicates the Soviets do not as yet use such 
computers in laboratory-created flights. The two authors do say, how- 
ever, that the Soviet Union now has “up to 10 types of electro-models” 
of computers, not as pilot models but “in mass production.” 


a 
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In July 1957, the Institute of 
Radio Engineering and Electronics of 
the Academy of Sciences has asked 
Russia’s radio amateurs* to send the 
following information about signals re- 
ceived from Soviet Sputniks: place of 
reception, date and time of reception, 
time of strongest signal, type of watch 
used to count off the beeps, frequencies, 
characteristics of reception (fadeouts 
and sudden reappearance of signals), 
type of recorder and speed of the 
magnetic tape at the time of recep- 
tion. The Institute further requested 
that the information be telegraphed and 
the tapes sent to this address: MOS- 
COW-SPUTNIK. 

- 

A review of Soviet literature indi- 
cates that the Communists do not ap- 
preciate our use of the word “satellite” 
and prefer their word, Sputnik. 

e 

Vanguard I will probably be 
tracked in Russia on the type of an- 
tennae, receivers and converters sug- 
gested and described in various Amer- 
ican communications magazines. In 
particular, issues 1956 No. 7, 11 and 
12 QST, official publication of the 
American Relay League, have received 
much attention in Soviet publications. 

e 

Here is some additional informa- 
tion on Soviet tests with dogs in rock- 
ets. Initial tests were conducted with 
nine dogs of which three—Al’bina, 
Koziavka and Malyshka—made the as- 
cent twice. Subsequent tests included 
12 dogs, two dogs per rocket. The rock- 
ets were fired to a height of 68 miles. 
Ejection of the first dog in each team 
took place during the free fall of the 
rocket at an altitude between 49 to 56 
miles. 

First dog’s parachute equipment 
was activated three seconds after the 





* Soviet amateurs are members of 
DOSAAF (Dobrovol’noe Obshchestvo 
Sodeistviia Armii, Aviatsii i Flotu)}— 
Voluntary Society for Assistance to the 
Army, Navy, and Air Force. It is a 
premilitary-type organization number- 
ing many millions. “Hams” belong to 
DOSAAF radio clubs, where equipment 
is provided by the government. 
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ejection. When the still free-falling 
rocket reached 22 to 31 miles, the 
second dog was ejected. However, in 
contrast to the first dog, the parachute 
equipment of the second dog was timed 
for delayed release at the height of 
two to two and a half miles. 

According to Prof. A. V. Pokro- 
vskii, all animals were recovered with- 
out accident. Pokrovskii is director of 
the USSR Institute of Experimental 
Aviation Medicine, USSR Academy of 
Sciences. 

e 

Many new facts about Sputniks I 
and II, as well as data on any addi- 
tional satellites, will appear in vol. 
40 of the Large Soviet Encyclopedia 
(second edition). Numerically and al- 
phabetically, vol. 40 was due for re- 
lease in the spring of 1956. Instead, it 
will be published as the last one of 
the series. It is believed that 40 was 
held up because it includes Stalin’s 
biography. However, a recent official 
announcement states that it will be 
published following the release of vols. 
50 and 49, respectively. 

Vol. 48 was released in June 1957. 
Vol. 50 will be a special issue de- 
voted exclusively to the subject of the 
USSR, and if the special issue of 
the first edition of the Encyclopedia 
(1948) is an example, the new one 





will contain interesting information on 
subjects related to the missile field. 

Among the current editors of the 
Large Soviet Encyclopedia is Lt. Gen. 
A. A. Blagonravov of the Red Army’s 
Artillery and of Sputnik fame. 

e 

Dr. Wernher von Braun is so well 
known in the USSR that Soviet maga- 
zines don’t even bother to spell out 
his full name. The Communists, who 
like his theories on space stations, also 
fail to mention that he is an Ameri- 
can citizen. He is referred to simply 
as V. Braun. 


. 
The Soviets claim that in 1956 
their higher educational institutions 


turned out about 260,000 young spe- 
cialists and that altogether since the 
Communists came to power in Russia 
3.8 million specialists, including one 
million engineers, have graduated from 
such schools. There are now more than 
767 higher educational institutions in 
the Soviet Union attended by more 
than two million students. 
° 

If there is war, the Red Army’s 
top firepower will be delivered by the 
Red Artillery. Their rockets and mis- 
siles are considered weapons of Ar- 
tillery according to S. Varentsov, Mar- 
shal of the Red Army’s Artillery. 
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AIRFRAME 


PROPULSION 


GUIDANCE 


UNDER ONE ROOF: FRAME, BRAIN 
AND MUSCLE FOR A MISSILE 


Whatever the missile problem—frame, brain, muscle 
—or all three—Ryan has the experience and dem- 
onstrated ability to design, develop and produce as 
both a prime and subcontractor. 

Ryan missile know-how stems from these success- 
ful projects: 


AIRFRAME—Complete development — aerodynamic 
and systems design, testing, field servicing and 
quantity manufacturing—of the Ryan Firebee jet 
drone missile...now in volume production for use 
by the Air Force, Navy, Army and RCAF. Research 
and development studies on air-launched vehicles 
and external stores. 


GUIDANCE — Development and production of ad- 
vanced systems of military radar “intelligence’’... 
for guidance of supersonic missiles, advanced type 
automatic doppler navigators and radar hovering 
control and navigation equipment for helicopters, 
airships and VTOL aircraft. Ryan is the pioneer 
and leader in continuous-wave radar techniques. 
The automatic stabilization and control system for 
the Firebee is also designed and produced by Ryan. 
PROPULSION — Manufacture of powerful liquid 
rocket engines for Army surface-to-surface missiles. 
Ramjet combustion chambers for Air Force ground- 
to-air missiles. Major high-temperature compo- 
nents used by various turbojet-powered missiles. 


From basic design to full production Ryan can be relied upon to do the job well 


Aircraft * Power Plants ° 
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BUILDING AVIATION PROGRESS SINCE 1922 
Avionics 
Ryan Aeronautical Company, San Diego, Calif. 
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by Elizabeth Oswald 


A MAJOR EFFORT IS EXPECTED TO IMPROVE decision-making pro- 
cedures and management of research and development programs at the 
Pentagon. Under prodding from Congress, as well as management ex- 
perts, the Budget Bureau is looking into the matter of organization of 
the Defense Department and the command structure. Latest demand 
for improved management procedures comes in the form of a letter 
from Dr. Frederick L. Hovde, chairman of the Army Scientific Advisory 
Panel to Army Secretary Wilber Brucker demanding a sweeping revision 
of management and operating structure of our research and develop- 
ment effort. 


A DIVIDED GAITHER COMMITTEE MADE NO RECOMMENDATIONS to 
President Eisenhower dealing with the problem of conquest of outer 
space. It, however, urged a substantial boost in the basic research and 
development effort of the Army, Navy and Air Force in outlining a 
broad program which calls for defense expenditures of more than $8 
billion a year over the current spending rate of approximately $38.5 
billion. 


AF SUCCESSFULLY FIRED TWO THORS AND ONE ATLAS ballistic mis- 
sile in a single week. The Atlas firing was the first of a series of tests. It 
was for “limited range” only and has been described as successful in 
every respect. Indications are that as a result of the evaluation of data, 
no further test of the big missile will take place before mid-January. 
Both Convair and the Air Force expressed satisfaction with the test 
and its timing during the NATO meeting. 


EVEN MORE SATISFACTION is expressed over the two successful firings 
of the Thor, intermediate-range ballistic missile—since on both firings 
the new and more sophisticated AC Spark Plug inertial guidance system 
was used. On the first firing, while the Defense Department announce- 
ment said that the missile fell short of the target area, informed sources 
said that there had been a temporary failure of the propulsion system 
after the missile was airborne, with the result that the trajectory was 
somewhat changed. They expressed pleasure that the guidance system 
had worked and prevented the missile from tumbling. 


ON THE SECOND THOR FIRING, while the Defense Department said only 
that the missile hit in the preselected impact area, reports indicated that 
the missile had fallen less than three miles from the center of the 
preselected target in what was described as a “truly impressive per- 
formance.” 


CHANCES ARE GOOD THAT THE NAVY will have tried to fire another 
Vanguard before year end. Reports indicate that as a result of extraor- 
dinary efforts the Vanguard launching pad has been repaired. De- 
fense Department ambition is to have a missile firing of major pro- 
portion for each military service as a New Year's present to the people 


of the United States and the Free World. 


PROBLEMS WITH RESPECT TO LIMITED PRODUCTION of both Jupiter 
and Thor haven't been settled yet. Assuming AF acceptance of the order 
of Defense Secretary Neil McElroy that both missiles are to be produced, 
the question is still being asked as to whether both Huntsville and the 
Chrysler Corp. are to be tooled for limited production. A second ques- 
tion involves logistic and maintenance support for Jupiter. 


——— 

















These axial-piston pumps and motors are par- 
ticularly suitable for marine and ordnance drives 


specify where precise control of torque, acceleration and 

Micwane deceleration, speed or reversal are important. 
ICKERS, “ WATERBURY The pump is a factory-assembled power pack- 
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2 precise speed control...... ceeds 95% at rated pressure; overall mechanical 
efficiency of a hydraulic transmission (pump and 

motor) can exceed 85% at full load. 
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World Astronautics 


by Frederick C, Durant Ill 


As is well known, man in satellite flight will require special pro- 
visions for eating because of the condition of weightlessness. Dr. Carsbie 
C. Adams, president of the National Research and Development Corp. 
(NRDC) of Atlanta, has come up with Multi-Meal-Tube (MMT) espe- 
cially for use in space flight. The lightweight plastic tube has a special 
mouthpiece and a closure attached to the tube to prevent its floating 
away. A large number of flavors of MMT will permit variety in the 
space pilot's diet. Current packaging of MMT is in units of 720 calories. 
Bulk (roughage) substances are included and no refrigeration is required. 
Current use of MMT includes military applications, emergency rations 
and civil defense stockpiling. 

. 

It is generally known that weightlessness cannot be achieved for 
longer than 30 to 45 seconds in current aircraft flying a ballistic trajec- 
tory. Your columnist learned recently that an unofficial world’s record 
of two and one-half hours of accumulated weightlessness has been set by 
Maj. Herbert Stallings, USAF. This total has been built up in hundreds 
of tests in USAF space medical research. 

The potential military value of manned space flight research is 
still a controversial subject in many quarters. Herewith, a recent quota- 
tion by re-entry expert Dr. Arthur R. Kantrowitz, Director of the Avco 
Research Laboratory: 


. It is not yet clear how or whether manned space flight will be 
important in a military sense. Historical perspective in this respect can 
be useful to supplement the deficiencies of our imagination. Some of the 
revolutionary weapons of this century were the airplane, radar and nu- 
clear energy. In all of these cases the initial developments were under- 
taken with nonmilitary objectives in mind. The airplane was once just a 
technical challenge similar to that of the present day status of space flight. 
Radar was once just a powerful way of studying the ionosphere. The 
obvious applications of nuclear energy were not to bombs but to the 
generation of power... .” 

Dr. Kantrowitz concludes, “It is my opinion that America can- 
not afford to gamble that this pattern will not be repeated in space 
flight.” 

e 

During the Annual Meeting of the American Rocket Society last 
month there were many private discussions on the relative positions of 
the United States and USSR in the race into space. It was conceded 
generally that the Russians would probably beat the United States to 
the moon—both in an impacting vehicle and circumlunar flight. It was 
the consensus, however, that the next really significant achievement in 
the years ahead would be manned-satellite flight. 

Manned space flight, it was stated, is the current technological 
“battle line.” Initial projects would be aimed at placing one man in an 
earth-orbiting capsule for one to three days followed by safe return. 
Recovery would probably be by means of a high-drag, parachute-type 
technique rather than a winged vehicle, which would be heavier and 
require more development time, Depending on the amount and quality 
of effort applied, an estimated three to five years would be required to 
accomplish such a task in either country. 

The Russians have indicated they are going to put man in space. 
If the United States does not accept this challenge the USSR will prob- 
ably achieve a position of acknowledged supremacy in astronautics. 
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Titanium, magnesium, zirconium, 
stainless and aluminum 2024 are 
deep drawn in one operation by 
Brooks & Perkins. 

Cost of staging dies and intermediate 
anneals is eliminated. 

. . . Whenever you are faced with a 
difficult or delicate operation-prob- 
lem in Magnesium or Titanium, a 
talk with B&P engineers is well worth 
while. 

















Engineering Facilities 
in Detroit and Los Angeles 


... Write for Titanium and Magne- 
sium engineering data — also folder 
on B&P’s facilities to handle tough 
jobs. 


BROOKS & PERKINS, Inc. 


Magnesium-Titanium Fabrication 
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1966 West Fort St, 
Detroit 16, Mich. 
Phone: TAshmoo 5-5900 
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11655 Vanowen St. 
North Hollywood, Cal. 
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Pictured above is our new Research and De 
opment Center now under construction 
Wilmington, Massachusetts. Scheduled for « 
pletion this year, the ultramodern laborat 
will house the scientific and technical staf 


Division. 


Science and Progress 
at Avco—1957 


Truly significant discoveries and technical progress are the goals of the Avco 
Research and Advanced Development Division. Some of the Aveo RAD record 
of accomplishments are contained in professional papers in scientific and tech- 
nical journals. Much of it is classified for reasons of military security. But the 
following public announcements serve to outline some of the steps taken by 
RAD—the “Breakthrough” Division of Avco—in pursuing its goal for 1957: 


February 11, 1957 Site Prepared for Avco RAD Center 

April 5, 1957 Avco to Make Hypersonic Shock Tubes for Industry, Univer- 
sities, Other Research Groups 

July 1, 1957 Avco to Develop New Radio Pack Set for Marine Corps 

July 2, 1957 Prime $111 Million Contract Announced for Development by 
Avco of Nose Cone for Intercontinental Ballistic Missile 

August 28, 1957 Avco Shock Tube Research Has Produced Theoretical Break- 


through on 5000-Mile Air Force Ballistic Missile 


November 23, 1957 Tiny “Building Blocks’’ Revolutionize Computer Design and 
Construction 


December 3, 1957. Aveo to Build Air Force Combat Computer 


Avco’s record during the past year is significant from scientific, technical and 
business points of view. It has been made possible by sustained effort at RAD 
to maintain an atmosphere conducive to creative thinking and production of 
the highest order. 


Avco’s new research division now offers unusw 
and exciting career opportunities for exce 
tionally qualified and forward-looking scie! 
tists and engineers 

Write to Dr. R. W. Johnston, Scientific ar 
Technical Relations, Avco Research and A 
vanced Development Division, 20 South Uni 
Street, Lawrence, Massachusett 
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missiles and 
rockets 


Ground Handling & Launching Equipment: 
Billion-dollar Business by 1960 


MISSILE in the performance of 

its basic task lives a matter of sec- 
onds or minutes at the most. It’s a 
dramatic life but short, and the job 
the missile does is usually a pretty 
hefty one. Also, you can demonstrate 
that for all the headaches in design 
and development, missiles in produc- 
tion are relatively simple. A nice, neat 
uncomplicated weapons system, you 
say? Well, not quite. 

To get the bird to the point 
where the rocket motor blasts forth 
and the bird is on its way takes a lot 
of checking, hauling and mounting. 
In a word, it takes ground handling 
equipment. This can range from the 
simple “creepy-peepy-like” go, no-go 
box for the Lacrosse and the simple 
mobile launcher for the Dart to the 
20 dozen or so filing cabinets full of 
complex electronic gear required by the 
Talos and the great underground 
launching complexes proposed for the 
Atlas. 

For some missiles, such as the 
ICBMs, ground handling and launching 
costs will run to 50 per cent of initial 
base construction and missile installa- 
tion costs. Overall, a horseback guesti- 
mate is that of total funds spent for 
missiles, ground handling and launch- 
ing accounts for 10 to 15 per cent. 
That easily makes it a_ half-billion-a- 
year business. By 1960 it will be at 
least twice as much. This is in terms 
of expenditures—cash paid out for 
goods received. Contract authoriza- 
tions will be even higher. 

Chasing down and breaking down 
ground handling and launching equip- 
ment costs by services, catagories or 
whatever, is not a simple task. Where- 
as the Air Materiel Command handles 
most of the AF’s requirements, Navy 
distributes its missile responsibilities 
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between Bureau of Aeronautics, Bu- 
reau of Ships, Bureau of Ordnance, 
Naval Research Laboratory and others. 
Army spreads the responsibilities be- 
tween Ordnance and the Engineers. 
For example, Bureau of Aero- 
nautics is responsible for winged air- 
breathing missiles, like the Regulus | 


and II. BuOrd takes cognizance of 
such “artillery” missiles as Terrier. 
Corps of Engineers supplies liquid 


oxygen and nitrogen generators, elec- 
tric powerplants, fire-fighting equip- 
ment, etc. Army Ordnance supplies the 
actual launcher, the truck that hauls 
the missile around, etc. 

The Engineers are also responsible 


for building most of the Air Force's 
permanent missile launching installa- 
tions, such as the four announced for 
the Bomarc. These are budgeted at 
$10 million each, sans missiles. 

No figures are available, but it 
goes without question that ICBM 
underground installations will be in the 
$100-million ballpark, including thou- 
sands of tons of concrete poured in 
situ, liquid oxygen generators, fuel 
storage tanks, elevators, air-condition- 
ing and heating units, refrigerators, 
electric generating equipment, hinged 
steel doors, complete facilities for self- 
sufficient living for the crew (which 
will have to be radiation-proof), Geiger 





Prepackaged LACROSSE is assembled in the field. To do this requires special equipment. 
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counters, automatic alarm systems— 
plus all the checkout and guidance 
feed gear that will be required. It will 
be, to put it mildly, a mammoth, com- 
pletely self-sufficient concrete-lined bur- 
row. 

You can see how expensive big 
missile-launching facilities will be from 
the preliminary cost figures released 
on the launching and storage facilities 
to be constructed at Francis E. War- 
ren Air Force Base, Cheyenne, Wyo. 
Air Force has already released $25,- 
657,000 from its fiscal 1958 construc- 
tion money; expects the final cost to 
hit $65 million. Just one launching 
pad at Patrick Air Force Base costs 
$3.3 million. And all of these are 
above ground. 

You get a pretty good idea of the 
extent of the ground handling and 
launching market from the Army’s pro- 
gram: for example, for fiscal 1958 
(the present year) Engineers support 
and construction program for Army 
missiles runs to $157 million; same 
thing for AF missiles, $108 million, 
including the $40 million for Bomarc 
sites already announced. Engineers 


hardware procurement and production 
in support of missiles (liquid-oxygen 
generators, powerplants, etc.) is sched- 
uled at $12 million. In addition, Army 
Engineers have already spent $20 mil- 
lion buying real estate in connection 


One million dollars in ground handling equipment: Air Products, 
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with AF and Army missile launching 
programs. Some $13 to $15 million of 
this has been for Nike sites. There is 
no figure available yet for the whole 
year. 

A check with the Bureau of Aero- 
nautics shows that the value of con- 
tracts outstanding for launchers for 
Regulus 1 and the Sparrow family totals 
$3 million. Contract authority avail- 
able for other ground handling equip- 
ment for these two missiles is about 
$8 million, including dollies, electronic 
checkout gear, etc., but not trucks. 
Total BuAer expenditures for ground 
handling equipment of all kind for 
Regulus 1 and the Sparrows (but not 
including service trucks) was $3.4 
million. 

These are small figures, but these 
missiles have not really begun to be 
installed operationally on a wide scale. 
Also, in some cases, expenditures for 
launchers would probably come under 
Bureau of Ships. In the coming months 
and years these figures will mount 
rapidly. 

Getting down to specific pieces of 
hardware, one of the costliest in the 
Army’s program is the 20-ton-a-day 
liquid-oxygen generator. This is a mo- 
bile unit costing just about $1 million 
each. Plans are to buy 12 altogether. 

In addition, the Engineers spend 
another $2 million a year on research 





Inc.'s 20-ton-a-day liquid-oxygen plant for big missiles in the field. 


and development in support of its mis- 
sile responsibilities; $1.5 million on 
training and $3.2 million on mainte- 
nance and spare parts. 

If these figures seem low, re- 
member that basically, the whole U.S. 
missile program is still in what is sub- 
stantially the development stage. There 
is only one Redstone Field Artillery 
Group so far. None of the IRBMs are 
yet at the point where they could be 
fired in anger. 

In the following years, however, 
we are moving rapidly into the big 
production and deployment stage. It 
is at this time that the impact of the 
ground support and launching equip- 
ment market will really be felt. Where- 
as the bulk of missile expenditures has 
so far gone into (with a few obvious 
exceptions) research and development, 
tooling and preproduction, in the fu- 
ture there will be a lot more money 
for production of missiles and all the 
things it takes to put them in the field 
operationally. 

Chis is a market in which a wide 
number of industries participate—in- 
cluding makers of tractor-trailers (to 
haul the big birds around), of cry- 
ogenic equipment (LOX, etc.), con- 
crete, sheet steel, aluminum, electrical 
and electronic gear of all kinds, small 
tractors, air conditioners, cook stoves, 


plumbing, beds, bedding, etc., etc.* 
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industry looks at 


Weapon System 
Support Activities 


O ASSURE field operations which 

are capable of maintaining a weap- 
on system in readiness requires ef- 
ficient planning of anticipated support 
activities. The support system includes 
test equipment, handling equipment, 
manpower and facilities, as well as the 
procedures which integrate these ele- 
ments into a coordinated system. 

Prior to operational utilization of 
the weapon system, these items can 
be defined and then coordinated through 
the construction of a dynamic model 
of field activities. This model unifies 
the support activities into realistic 
schedules which represent an efficient 
pattern of action. The purpose of such 
an analysis is to determine whether the 
periodic testing, required maintenance, 
and preuse operational tasks can be 
performed during the time that will 
be available and with the equipment, 
manpower, and facilities that are con- 
templated. This analysis allows the 
support system to closer approximate 
actual field activities than if the support 
items were studied individually. 


Determination of Support Operations 

The support operations include 
such items as assembly, test, main- 
tenance, on-base transportation and 
loading. These operations are defined 
by analyzing the equipment and the 
R&D test results and through detailed 
discussions with the design and cog- 
nizant military personnel. The designers 
know the proposed configurations and 
method of operation of the contem- 
plated operational equipment. The mil- 
itary personnel are aware of the mil- 
itary matrix in which the weapon sys- 
tem will operate. 

This matrix defines such things 
as the mission and rate of use of the 
weapon and organization of the using 
bases. Once these operations are de- 
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fined, they can be integrated into a worked on (circle), is being trans- 
unified flow using process-charting ported or moved to the next step 
techniques. The process or flow chart (arrow), is in storage (triangle) or 
details the step-by-step progression of js temporarily delayed (big D) (Fig. 1). 
~v scan yay a « Assume that for the weapon sys- 
— is IS Cone “tem under discussion the military mis- 
by listing, in order, all the operations . n rei Teg We. B 
+ . sion requires 20 missiles always to 
this equipment will undergo at the . heir | h Sige ay 

: - aunchers ready to gX 
using base and coding each operation %° OM [heir launchers ready g 
to indicate whether it is undergoing when the signal is given. To back up 
an inspection or test (square), is being this number and to supply any second 


Fig. 1: BASE LAYOUT (SIMPLIFIED) 
(Numbers refer to flow chart steps) 
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(1) Missile received and inspected. (2) Missile placed on transportation dolly. (3) Missile 
on dolly towed to test area. (4) Missile and missile-system tester connected. (5) Missile 
tested. (6) Missile and missile-system tester disconnected. (7) Missile on dolly towed to stor- 
age area. (8) Missile stored. (9) Missile on dolly towed to launching area. (10) Missile 
placed on launcher. (11) Missile removed from launcher and placed on dolly. (12) Missile 
on dolly towed to test area. (13) Temporary delay. (3-13) Steps 3 to 13 repeated. (This is 
a simplified flow chart. For example, test operations are not broken down and no repair steps 
are shown. A flow chart for an actual missile program would be more detailed.) 
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wave which may be required, a total 
of 120 missiles are needed at each 
operational base. 


Determination of Task Times 

After the required steps have been 
identified, time required to complete 
each major step must be determined. 
This can be done in one of several 
ways. One method would be to utilize 
time and motion study techniques. For 
example, once the preproduction 
models of the missile and the missile- 
system tester are built, a time study 
can be made of the missile being tested. 

The resulting times can be adjust- 
ed to reflect the anticipated efficiency 
of the military operator and the dif- 
ferences between the contemplated pro- 
duction and preproduction equipment. 
These adjusted times represent close 
approximations of the actual time re- 
quired by the military personnel to 
accomplish the desired task. To deter- 
mine such times as those required for 
removal and replacement of units, 
similar time studies can be made while 
observing the actual operations. 

If the equipment is not available 
for purposes of conducting a time 
study, either predetermined time stand- 
ards or estimates based on experience 
can be used to arrive at approximations 
of the time required. The predetermined 
standards are time-motion standards 
developed for use in determining op- 
erational times for manual work when 
the equipment is not available for actual 
study. An operation such as removing 
a major assembly from the equipment 


is broken down into its individual tasks 
and each task assigned a time as spec- 
ified by the predetermined time stand- 
ards. These individual times are then 
totaled to give the overall time re- 
quired to complete the operation. 

The type mobility gives the speed 
and this, divided into the distance the 
equipment is moved, will result in the 
time required for the movement. If 
estimates of the time required for 
such operations as placing and securing 
the equipment on a transportation dolly 
are added to this time period, the total 
time required between operations is 
found. 

For the missile program being ex- 
amined, let us assume that the times 
given below are the result of following 
the procedures just described. The 
times required to conduct a system 
test are: 


Tie down missile and 


open hatches ..... 15 min. 
Connect missile and 

missile-system tester . 15 
Warm up missile and 

test equipment ..... 15 
Conduct the test ..... 30 


Disconnect missile and 
missile-system tester . 15 

Close hatches and re- 
lease tie-down 


105 min., total 

The average repair time for a 

missile having one defective unit is ap- 

proximately two and one-half hours. 

This includes time to accomplish the 
following tasks: 





































































































Fig. 2: MISSILE SYSTEM TEST SCHEDULE 
(One day’s schedule with no defective missiles) 
TIME MISSILE #1! MISSILE +2 TIME MISSILE #3 MISSILE +4 
0000 1230 
Tie down & Tie down & 
open hatches open hatches 
0815. 1245 
Connect tester Connect tester 
0830- 1300. 
Warm Up Warm Up 
0845. 1315 
0900 Conduct test 1330 Conduct test 
09715 1345 
Disconnect Disconnect 
tester tester 
0930. 1400 
Close hatches Close hatches 
& release & release 
0945 1415 
Tie down & Tie down & 
open hatches open hatches 
1000- 1430 
Connect tester Connect tester 
1015. 1445 
Warm Up Warm Up 
1030- 1500. 
1045 Conduct test 1515 Conduct test 
1100. 1530. 
Disconnect Disconnect 
tester tester 
15 1545 
Close hatches Close hatches 
& release & release 
1130- 1600- 
1145— 
LUNCH: (Lunch period can be adjusted) 1615 
to 
to accommodate schedule.) 
1230. 1630— 
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Move defective missile 
to the repair area 
Remove and replace the 
defective unit ...... 30 

Tie down missile and 
open hatches 


15 min. 


Connect missile and 
missile-system tester 15 
Conduct the test .... 30 
Disconnect missile and 
missile-system tester . 15 
Close hatches and re- 
lease tie-down ..... 15 


105 min., total 


Determination of Periodic Intervals 

The third phase concerns the inter- 
val required between periodic opera- 
tions. For example, a system test may 
be needed every 30 days or the weapon 
may need servicing every 10 days to 
maintain it in a combat-ready condi- 
tion. These periods, and for purposes 
of this example it is assumed that a 
missile requires a system test every 30 
days, are determined during the R&D 
program through tests. 

The weapon could be stored in 
conditions similar to contemplated stor- 
age conditions at a typical operational 
base and tested after varying periods of 
time. The period resulting in the fewest 
number of failures per test found. con- 
sistent with economic and logistic fac- 
tors, could then be adopted. In the case 
of a propulsion unit, the servicing re- 
quirements could be found through 
observations of the unit over a period 
of time during which it was periodically 
run. Similarly, periodic requirements 
existing for other operations can be 
found through test or observation. 

A requirement of this type results 
for the hypothesized missile program 
being studied due to the necessity of 
periodically cycling the missiles onto 
the launchers. To maintain the test 
schedule, a missile remains on_ its 
launcher for a period of five days and 
is then removed for maintenance. As 
a result, four missiles per day are re- 
moved from the launchers and replaced 
by four others. 

As a further aid in integrating the 
base support activities, the steps de- 
tailed by the flow charts can be re- 
lated to the particular areas where they 
will be undertaken (Fig. 1). 


Using this information, various 
schedules can be compiled. Fig. 2 
shows the daily missile-system test 


schedule when there are no missile 
failures found during test. This sched- 
ule indicates the tasks which must be 
accomplished and the time required to 
complete each task. Observation of the 
schedule indicates that, with the con- 
templated facilities, four missiles can 
be tested in an eight-hour day. 

If the need arises to test more 
missiles per day, for example, if the 
total number of missiles were increased 
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Fig. 3: MISSILE SYSTEM TEST SCHEDULE. 
(One day’s schedule with four defective missiles) 
TIME MISSILE #1 MISSILE #2 TIME MISSILE # | MISSILE #2 MISSILE #3 MISSILE #4 
1245. 
Tie down & open Disconnect tester Tie down & open 
natches 1300. Remove and replace] hatches 
0815 Close hatches & defective unit 
Connect tester release Connect tester 
0830— 1315 
Warm Up Tie down & open Warm up 
S. hatches 
0900 Conduct test 1330. 
(Defect found) Connect tester 
0915 1345 Conduct test 
Disconnect tester Warm up (Defect found) 
0930- 1400- 
Close hatches & Disconnect tester 
release 1415. Conduct test 
0945 Close hatches & 
Move G/M to Tie down & open release 
- repair area hatches 1430 - on ; 
' : ove to ie down & 
ine Remaen and ventace Connect tester aa Disconnect tester repair area open hatches 
defective unit Warm up Close hatches & 
1030 release Remove and replace| Connect tester 
Tie down & open 1500- defective unit 
hatches Warm up 
1045. Conduct test 1515 
Connect tester (Defect found) Tie down & open 
1100 hatches Conduct test 
Warm up Disconnect tester 1530- (Defect found) * 
1s Connect tester 
Close hatches & 1545 
release Warm up Disconnect tester 
1130——- Conduct test 1600- 
Move G/M to Close hatches & 
repair area release 
1615. Conduct test 
1145 Move G/M to 
repair area 
1630— 
| 200-— Disconnect tester 
1645 
to LUNCH Close hatches & 
release 
1245. 1700- 
* This defective missile can be repaired between 0800 and |0/5 the next morning. 








or the test cycle were decreased, the 
facilities would probably have to be 
expanded to include another tester. 
This would result in an increase in the 
manpower requirements. 

Another approach would be an at- 
tempt to reduce the time required for 
each task. However, once the operator’s 
learning period is ended, the times 
usually depend on the physical con- 
figuration of the equipment involved 
and, therefore, cannot be reduced un- 
less the equipment is redesigned, which 
is not always practical. 

Fig. 3 shows the daily test sched- 
ule if each of the four missiles tested 
have one defect. One defect per test 
is usually a high assumption. It was 
used here to indicate the maximum 
number of defective missiles (four) 
which could be repaired each day when 
taking into consideration the proposed 
facilities and equipment. One of these 
four defective missiles would have to 
have been found the previous day and 
be in the test area ready to be re- 
paired at 8 a.m. the day of the test. 

If two defects were discovered in 
one missile, one-half hour would have 
to be added to the two and one-quarter 
hours needed to repair the missile with 
only one defect. The additional half 
hour is required to remove and replace 
the second defective unit. For each ad- 
ditional defect another half hour would 
have to be added. Once the test and 
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reliability programs connected with the 
missile’s R&D effort are sufficiently ad- 
vanced to indicate an anticipated oper- 
ational failure rate, this schedule can 


Fig. 4: DAILY MISSILE SCHEDULE 
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be used to ascertain the adequacy of 
the proposed support effort. 

In order to more completely evalu- 
ate the support plans for the weapon 
system, the daily base activities have 
been incorporated into the master 
schedule shown in Fig. 4. This schedule 
shows the assignments of each missile 
during a typical, day and indicates the 
missile movements and facilities load- 
ing. Each number in the table repre- 
sents a missile. 

The numbers shown prior to 0800 
hours indicate the area where the mis- 
siles to be handled are at the beginning 
of the day. The numbers below 1700 
hours show where the missiles which 
were handled during the day are at the 
end of the work day. Such things as 
the number and skill of the support 
personnel, the number of transporta- 
tion and loading trailers, and the 
amount of support equipment required 
can be determined in conjunction with 
such items as the facilities layout and 
the detailed flow chart. 

The schedules shown here are 
primarily concerned with peacetime 
maintenance cycling but they can be 
analyzed to determine the ability of the 
support system to meet an accelerated 
wartime use flow. A _ systematic ap- 
proach and continuous analysis can 
help to assure a support system which 
will keep the weapon primed and ready 
to go.* 
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roundup of 
Surface Equipment 


Contractors 








U.S. ARMY 


RESENT MISSILE systems dictate 

that approximately 30 per cent of 
the missile budget be directed to ground 
support and handling equipment. Op- 
erational IRBMs and ICBMs may raise 
this figure to 50 per cent. 


NIKE-AJAX 


The following roundup lists only 
a sampling of this vast industry. For 
example, the Nike-Ajax has 1293 sup- 
pliers. The current expenditure on 
ground support and handling equip- 
ment is estimated at one-half billion 
dollars. 





NIKE-AJAX 


Prime Contractor: Western Electric. 


Launcher(s): Douglas, Consolidated West- 
ern Steels, Wayne Pumps, 


Radar & Ground Control: Western Electric. 


Handling & Service Equipment: Douglas, 
Wayne Pumps. 


Transport Vehicles: Fruehauf 























NIKE-HERCULES 
és Prime Contractor: Western Electric 
NIKE-AJAX NIKE-HERCULES Launcher(s): Douglas, American Machine 
& Foundry, Wayne Pumps. 
OART = Radar & Ground Control: Western Electric. 


Handling & Service Equipment: Douglas, 
Consolidated Western Steels, Wayne 
Pumps. 


Transport Vehicles: Douglas, Fruehauf. 


A ease * — 4 
, ry TT - 7 Y ¢ DART 
; = Prime Contractor: Aerophysics Development 
Corporation, 
aaa Launcher(s): Aerophysics Development Cor- 


poration, 
Fueling Equipment: Grand Central. 


Radar & Ground Control: Aerophysics De- 
velopment Corporation. 





Handling & Service Equipment: Aerophysics 
Development Corporation. 


Transport Vehicles: GFE. 



















LACROSSE LACROSSE 





e 

f 

‘ LACROSSE HAWK HONEST JOHN 

e Prime Contractor: Martin Prime Contractor: Raytheon. Prime Contractor: Douglas, Emerson Elec 
Launcher(s): Martin Launcher(s): Northrop, Food Machinery iric. 
Radar & Ground Control: Martin, Federal Fueling Equipment: Thiokol, Aerojet. Launcher(s}: Rock Island Arsenal. 

r Telecommunications. Radar & Ground Control: Raytheon. Fueling Equipment: Rock Island Arsenal 
Handling & Service Equipment: GFE. Handling & Service Equipment: Raytheon Transport Vehicles: OTAC 

: Transport Vehicles: GFI Northrop, Food Machinery. 

Transport Vehicles: Northrop, Food Ma- 


chine 





HAWK . HAWK 


HONEST JOHN 








CORPORAL 





JUPITER 


Prime Contractor: Chrysler. 


Launcher(s): Watertown Arsenal. 


Fueling Equipment: Corps of Engineers, 
Air Products, Fairbanks-Morse, Frue- 
hauf Trailers, Worthington 
pressors. 


Com- 


Handling & Service Equipment: Chrysler. 


REDSTONE 
REDSTONE 














CORPORAL 


CORPORAL 


Prime Contractor: Firestone, Gilfillan Bros 


Launcher(s): Firestone. 

Fueling Equipment: Firestone, GFE. 

Radar & Ground Control: Gilfillan 
Motorola. 


Handling & Service Equipment: LeTourneau, 


Firestone. 
Transport Vehicles: GFE. 
Motorola, Clary Multi 
plier, Ryan Aero, Research Weldine 
Corp. 


Major Components: 
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Bros.., 


REDSTONE 


SERGEANT 


Prime Contractor: Sperry 


Propulsion Lab. 


Launcher(s): 


Lab 


Sperry -Gyro 


Fueling Equipment: Thiokol. 


Radar & Ground Control: 
Propulsion Lab. 


Sperry-Gyro, Jei 


REDSTONE 
Prime Contractor: Chrysler. 
Launcher(s): Dorsey Trailer, Chrysler 


Radar & Ground Control: 


Corps of Engineers. 


Ford Instrument, 
Handling & Service Equipment: Lorraine, 
Clark-Michigan, 
dustry. 


Designers for In- 


Fueling Equipment: Butler Manufacturing, 
North American, Air Products, Fair- 
banks-Morse, 


Fruehauf, Worthing- 


ton Compressors, Designers for In- 


dustry. 


| 








Gyroscope, Jet 


Jet Propulsion 
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U.S. NAVY 


TERRIER 
Prime Contractor: Convair-Pomona. 
Launcher(s): Northern Ordnance, Inc. 
Radar & Surface 
Ford Instrument, 
Reeves Instrument. 


Control: Sperry-Gyro, 

Western Electric, 

Handling & Service Equipment: Baker-Rau- 
lang, Washington Technological As- 
sociales. 


Transport Vehicles: Baker-Raulang 





TERRIER 
POLARIS REGULUS 
Prime Contractor: Lockheed Prime Contractor: Chance Vought. 
Launcher(s): Westinghouse, Sperry-Gyro Launcher(s): Fruehauf, Cook Electric. 
(sea test), Baldwin-Lima-Hamilton Fueling Equipment: Bowser. 
land test). Radar & Surface Control: Chance Vought, 


Radar & Surface Control: General Electric. Hallamore Electric. 


Handling & Service Equipment: Airlogistics, 
Weber, Fruehauf, AC Spark Plug, 


Consolidated Diesel Elec. 
Transport Vehicles: Spencer-Stafford, Frue- 


hauf. 





REGULUS 


REGULUS 


TALOS REGULUS 


TERRIER 


TALOS 


Prime Contractor: Bendix 


Launcher(s): GE, RCA, American Ma- 
chine & Foundry, Northern Ord- 
nance. 


Radar & Surface Control: RCA 


Handling & Service Equipment: GE, North- 


ern Ordnance 














































BOMARC 





MATADOR 


MATADOR 





AIR FORCE 


BOMARC 


Prime Contractor: Boeing 

Launcher(s): American Machine & 
Foundry. 

Fueling Equipment: Minneapolis-Honeywell, 
Brown Instruments 

Radar & Ground Control Westinghouse, 
Remington Rand 

Handling & Service Equipment: Burns & Roe, 
Farnsworth Electronics 

Transport Vehicles: Burns & Roe {mer 
ican Machine aA Foundry. 


MATADOR 


Prime Contractor: Martin. 

Launcher(s): Goodyear, Union Switch & 
Signal. 

Fueling Equipment: Goodyear 

Radar & Ground Control: Reeves Instru- 
ments, Kaustine Co 

Handling & Service Equipment: Austin-West- 
ern Works, Trailmobile, Goodyear, 
Kaiser Electronics, AC Spark Plug, 
Martin. 

Transport Vehicles: Goodyear, Four-Wheel 
Drive Co. 


TITAN 


Prime Contractor: Martin-Denver. 
Launcher(s): Kaiser Steel, Baldwin-Lima- 
Hamilton, Space Corp. 

Fueling Equipment: Air Products, A. O. 
Smith, Wallace Process Piping. 
Radar & Surface Control: Hallamore Elec- 
tronics, Wallace Process Piping. 
Handling & Service Equipment: Hallamore 

Electronics. 


Transport Vehicles: North American. 


Due to the early stage of development 
on TITAN the above contractors are mostly 
involved with the Denver facility and might 
not participate in operational manufacturing. 
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ATLAS 


Prime Contractors: Convair. 

Launcher(s): Basic Tool Industries, Con- 
solidated Western Steel, Brust Tool 
Mfe., National Steel. 

Fueling Equipment: Flexonics Corp., Re- 
action Motors, B. H. Hadlev. 
Radar & Ground Control: Norden-Ketay 

Corp., Marathon Electric Mfg. Corp., 
Potter Instru., Olympic Radio, GE, 
Convair. 

Handling & Service Equipment: Goodyear 

Aircraft. 


Transport Vehicles: Goodyear Aircraft. 


SNARK 


Prime Contractor: Northrop. 

Launcher(s): American Car & Foundry. 

Fueling Equipment: GFI/ 

Radar & Ground Control: Hallamore Elec- 
tronics, Radiophone Co 
Coil Products Co., United Electro 
dynamics Div. of United Geophysical 
Div. 


Standard 


Handling Equipment: GF 
Transport Vehicles: GFI 





SNARK 


RASCAL 


a 


ATLAS 


RASCAL 


Prime Contractor: Bell 
Launcher(s): Boeing 


Fueling Equipment: GFE 


Handling & Service Equipment: Bel/, Amer- 


ican Machine & Foundry. 


Transport Vehicles: GFI 
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THOR 


Prime Contractor: Douglas 

Launcher(s): Douglas, Consolidated West- 
ern Steel. 

Fueling Equipment: Air Products 

Radar & Ground Control: 4C Spark Plug. 


Handling & Service Equipment: Douglas 


Transport Vehicles: Douglas. 
































Report on our booming missile communities, Il . 





The Army Engineer Center 


Largest Developer of Missile Support Equipment 


by Lt. Col. C. M. Parkin, Jr. 
Corps of Engineers, USA 


This report on our ever-growing missile installations is the second in a series 


introduced by m/r as a special service to its readers. The first article, covering 


Patrick Air Force Base, appeared in the September, 1957 issue. Next, m/r will 


cover an important Navy missile facility —Ed. 


ORT BELVOIR, the home of the 

U.S. Army Engineer Center, has 
become the nerve center for the U.S. 
Army guided missile program. Here, 
approximately 15 miles south of 
the nation’s capital, are located the 
Army Engineer Research and Develop- 
ment Laboratories, the Army Engineer 
School, the Army Command Manage- 
ment School, the Army West Point Pre- 
paratory School, the Engineer Center 
Regiment, the 71st AAA Missile Bat- 
talion, the 79th Engineer Group (Con- 
struction) and the Davison Army Air 
Field (a Class I installation under the 
command of the Military District of 
Washington). 

The U.S. Army Engineer Center is 
designated as a Class II installation un- 
der the direct control of the Chief of 
Engineers. However, insofar as its Class 
I activities are concerned, it comes 
under the comand of the Military Dis- 
trict of Washington. 


Oldest Army School 


Maj. Gen. David Henry Tulley as- 
sumed command of Fort Belvoir, Va., 
and the U.S. Army Engineer Center on 
March 1, 1956, after three years as 
Assistant for Military Construction in 
the Office of the Chief of Engineers in 
Washington, D.C. He was born in Dur- 
ango, Col., April 17, 1904. After grad- 
uating from high school at Denver, 
Colo., he entered the U.S. Military 
Academy, from which he was gradu- 
ated June 12, 1925, commissioned a 


second lieutenant in the Corps of En- 
gineers, and assigned with the Second 
Engineers at Fort Sam Houston, Texas. 

Tracing its history to June 9, 1778, 
during the days of the Continental 
Army at Valley Forge, the Engineer 
School bears the distinction of being the 
oldest service school in the U.S. Army. 
From this early beginning, the Engineer 
School has developed to the present 
day, with its educational missions more 
complex and numerous than ever be- 
fore due to the atomic and missile era. 
The mission of the school is to develop 
and standardize the instruction and 
training of officers and enlisted per- 
sonnel of the Corps of Engineers and 
other arms and services of the Depart- 
ment of Defense in doctrine, tactics, 
techniques and skills of the Engineer 
Army; to assist in developing Engineer- 
ing doctrine, technique and equipment 
for the use of the armed services; to 
prepare and review training literature 
and special training publications for the 
Department of Defense; and to provide 
extension courses required by the De- 
partment of Defense. 

In addition to Engineer doctrine, 
developed and taught by the Engineer 
School, the school has a combat de- 
velopment group which is the Engineer 
portion of the combat development sys- 
tem for the Department of the Army. 
It is this group that determines the 
users requirements for missile and 
rocket hardware in addition to much of 


the doctrine for employment of which 
the Engineer is another member of the 
Army team. The school also provides 
support for National Guard and Re- 
serve instruction and a program for 
officers of Allied Nations. 

Today we find approximately 2400 
students in school, about 700 officers 
and about 1700 enlisted personnel (Air 
Force 70, Marines 19 and WACS 8). 
The school has representatives of 26 
foreign countries—139 Allied officers 
and seven enlisted men. Some of the 
countries represented are Canada, Ger- 
many, Turkey, Korea, Thailand, Indo- 
nesia, Burma, Argentina, Austria, Italy, 
Great Britain, Paraguay and Spain. 


Research and Development 


The success of modern warfare 
depends largely on the nation’s scien- 
tific laboratories. The U.S. Army En- 
gineer Research and Development Lab- 
oratories, one such bulwark in the na- 
tion’s defense, is devoted to the devel- 
opment of equipment for the Armed 
Forces superior to that of any possible 
enemy. To accomplish this mission the 
laboratories develop new equipment; 
modify existing equipment to meet 
new, more exacting requirements; eval- 
uate and adapt commercially engi- 
neered equipment to military uses; and 
evolve the techniques for the employ- 
ment of this equipment, a new and 
never ending challenge, especially in 
this atomic and missile era. 

The laboratories undertake work 
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as directed by the Chief of Engineers, 
and, in turn, propose research in new 
fields and the initiation of new projects. 
The scope of activity at USAERDL is 
necessarily broad. Work covers the 
scientific field from the growing of 
crystals for use in infrared work, to 
the field-testing of bulldozers and 
numerous engineer ground support 
equipment for guided missiles. Included 
are such diverse developments as spe- 
cial weapons, nuclear power bridging 
and stream crossing, camouflage and 
deception, construction equipment, field 
fortifications, electrical equipment, fire 
fighting, industrial gas and engines, 
mapping and geodesy, materials, mine 
warfare, prefabricated buildings, proc- 
essing and packaging, water supply 
and sanitation, and general engineering. 

It is recognized that the advent of 
ballistic and guided missiles has been 
the most far-reaching and dramatic 
addition to the art of warfare since the 
birth of atomic weapons ten years ago. 
In addition missiles of startling capabil- 
ities are coming off our production 
lines. These are lessening our require- 
ments for close air support, for ex- 
ample, by giving us weapons which can 
reach out in all types of weather and 
hit targets which previously could be 
attacked only by fighter bombers. 

Engineer support is, of course, 
necessary for guided missiles. Without 
it, you cannot fire a missile. 


To meet the exacting requirements 
demanded by guided missiles, we are 
engaged in a continuous development 
program to produce reliable equipment 
and techniques to carry out the Engi- 
neer mission successfully. 

First, consider the subject of target 
location, which is probably the most 
important support the Corps of En- 
gineers renders. 

Battlefield targets for the Army’s 
surface-to-surface missiles must be 
located not only with accuracy but with 
rapidity to fully realize the capabilities 
of these weapons against constantly 
moving forces. 

The task of locating the target and 
guiding our missiles to it is a compli- 
cated one requiring close coordination 
of the efforts of many men. Basically, 
it is a mapping job. The Engineers are 
responsible for providing the intercon- 
nected grids and earth measuring in- 
formation necessary—to direct longer- 
range strategic missiles. 

To accelerate field surveys and to 
locate launcher sites for Army missiles, 
we are devoting major effort toward 
an entire new concept of surveying, 
with emphasis on speed, range and 
mobility under various extreme climatic 
or environmental conditions. The pro- 
gram is rapidly shifting from the con- 
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ventional to electronic distance and 
angle-measuring equipments, coupled 
with the electronic computers that will 
provide quickly and accurately control 
data for a peacetime economy as well 
as wartime necessity. Such equipment 
as helicopters, geodimeters, and elec- 
tronic distance-measuring instruments 
are already in use. 

If target intelligence is adequate, 
an up-to-date map is the best means 
for locating the coordinates of a target. 
In situations in which adequate maps 
are not available or the intelligence is 
such that the target cannot be identified 
closely enough on the map, a deliberate 
aerial reconnaissance and subsequent 
reduction of data will be necessary to 
determine target coordinates. 

To this end, we are devoting a 
considerable research and development 
effort to perfect methods of rapidly and 
accurately locating targets within the 
tactical area which might be 200 miles 
deep on an atomic battlefield. Studies 
are under way to determine what the 
components of a future all-weather sys- 
tem should be, and a test has just been 
completed of a target location system 
using components new in existence. 

In this test, performed as a part 
of the Red Arrow maneuver in Novem- 
ber and December, 1956, the Air Force 
flew photographic coverage of the 
target area with a Hiran-equipped air- 
craft. By means of Hiran, the aircraft 
is located electronically with respect to 
two known ground stations at the in- 
stant of each aerial exposure. The Air 
Force also obtained day and night re- 
connaissance photography, both vertical 
and oblique, in the maneuver. 

Using this data, a detachment of 
Army topographic troops operating in 
photomapping vans determined target 





Maj. Gen. E. C. Itschner, the Army's Chief 
of Engineers has served in many Corps of 
Engineers activities, civil and military. 


coordinates by photogrammetric means. 
The test produced data on the accuracy 
with which targets could be located 
and on the time involved in determin- 
ing their location. It showed that while 
some operational problems remain to 
be solved, this target-location system 
could be successfully employed. 

Efforts are being made to speed 
up the process of compiling maps. With 
the advent of the electronic computer, 
the extension of ground control through 
a strip of aerial photographs by ana- 
lytical means is expected to be four 
times as fast as present conventional 
stereoscopic methods. 

Research, which has been con- 
ducted on automatizing the map com- 
pilation process, indicates the distinct 
possibility that in not too many years 
a contoured orthophotomap will be pro- 
duced automatically, Techniques for 
using radarscope photography, taken 
through clouds and darkness, are being 
investigated for compiling maps. These 
research and development efforts are 
expected to improve greatly the Corps 
of Engineers’ ability to carry out its 
target location and mapping respon- 
sibilities in the missile age. 

Industrial gases for guided missiles 
also pose troublesome problems. For 
example, liquid oxygen, which makes 
possible the release of the tremendous 
amount of energy required to propel 
a missile, is unstable and cannot be 
stored for long periods of time. Even 
in top-quality containers, the evapora- 
tion-loss rate is about one per cent per 
day. Thus, generating plants must be 
relatively close to the launching sites. 
This requires them to be mobile and 
suitable for operation by troops. 

This problem is solved by the pro- 
duction of mobile units that can pro- 





Maj. Gen. David H. Tulley, who assumed 
command of Fort Belvoir March 1956, after 
serving as Military Construction Assistant. 
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duce the gas in tonnage quantities in 
the field. Examples of this are the new 
5 ton/day and 20 ton/day liquid 
oxygen plants. Once the liquid oxygen 
(LOX) is produced, it must be stored 
and transported. New equipment has 
been developed for this in the form of 
35-ton LOX storage units and nine-ton 
LOX trailers. 

A similar problem lies in provid- 
ing dry ice for cooling portions of the 
missile. The ice is made by burning 
fuel oil, extracting the carbon dioxide 
from the products of combustion, and 
purifying and solidifying it. Mobile 
units have also been developed to re- 
solve this problem. 

We are also working on _ high- 
pressure air compressors of 15 and 85 
cubic feet per minute. 

Portable electric equipment is also 
highly important to guided missile 
weapon systems. These systems need 
generator sets with the highest re- 
liability and electrical output charac- 
teristics of the quality provided by a 
large central power station. All these 
capabilities must be supplied in a com- 
pact, lightweight package that can be 
operated and maintained by semiskilled 
field personnel. These “packages” range 
from a 25-pound 3KW generator to an 
air-transportable 1500-KW unit. 


The design of equipment to meet 
these needs poses quite a challenge to 
our electrical engineers and industry, 
but on the whole they are meeting this 
challenge. 

A good example of this is the new 
45-KW generator which provides power 
for the Corporal. Sixty KW machines 
that meet essential requirements for 
Redstone have also been developed. 

The guided missile program has 
placed special requirements on us in 
the firefighting field. Since missile pro- 
pellants carry their own oxygen sup- 
plies, accidental fires burn with such 
intensity and under such conditions 
that they pose many more problems 
than ordinary fires. 

Currently under test is a highly 
mobile fire truck designed to combat 
such fires. The truck carries a 1500 
gallon per minute pump and a 1000 
gallon water tank. A remote-controlled 
turret makes it effective for use against 
large-scale fires inaccessible by hose. 

A means of preventing our fire- 
fighting water supply from freezing in 
the Arctic has also been developed, and 
USA ERDL research also is making 
new chemicals available for fighting 
guided missile fires. 

In the field of camouflage, the 
laboratories are currently engaged in a 


project to provide field concealment 
for guided missiles installations. Sets 
are under development for Honest 
John, Corporal and Nike. Methods of 
controlling thermal radiation are also 
being devised and applied to specific 
problems in guided missiles. 

Rounding out our work in the 
guided missiles field is R&D in the field 
of construction equipment. We are 
continually seeking better equipment 
and techniques to accelerate the con- 
struction of access roads to launching 
sites and the missiles themselves. 

To accomplish the above missions, 
the laboratories are staffed with more 


than 1500 engineers, specialists and 
other persoranel, both military and 
civilian. Excellent shops, laboratory 


equipment and proving grounds pro- 
vide the facilities necessary for these 
experts to translate their ideas into 
actual, workable military equipment. 


The 79th Engineer Group 


The mission of the 79th Engineer 
Group (Construction) is to achieve 
and maintain a high state of training 
and operational readiness, direct the 
administration, operation and training 
of all assigned troop units, in accord- 
ance with current directives; operate 
the Engineer Center Non-Commis- 
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sioned Officers Leaders School; con- 
duct service tests of engineer equip- 
ment; operate and maintain the De- 
Long Pier; operate the Tank Farm; and 
support the Engineer Center by ac- 
complishing such projects and missions 
as may be assigned. 


The Engineer Center Regiment 

The Engineer Center Regiment 
was established to administer overhead 
enlisted personnel of the Engineer Cen- 
ter assigned or attached to the regi- 
ment, and to administer the enlisted 
students of the Engineer School. The 
regiment provides enlisted personnel 
for staff sections, the Engineer Center, 
the Engineer School, Engineer Re- 
search and Development Laboratories, 
U.S. Army Command Management 
School and all Post overhead activities. 
It conducts concurrent military train- 
ing for enlisted students of the Engi- 
neer School and for all other enlisted 
personnel assigned or attached to the 
regiment. It furnishes honor guards 
and provides other services as requested 
by the Commanding General of the 
Engineer Center. 
Command Management School 

In recognition of the increasing 
necessity for good management in the 
Army and of the increasing number of 
new managerial tools and concepts 
which have been introduced into the 
Army’s command structure in recent 
years, the Command Management 


School was established at Fort Belvoir 
in 1954. The school is designed to as- 
sist senior officers to broaden their un- 
derstanding concerning the concepts, 
tools and skills of command manage- 
ment to the end that they may be en- 
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abled to discharge more effectively 
their command responsibilities. In ad- 
dition, it provides a forum for the ex- 
change of ideas and experience in the 
management field. 


DeWitt Army Hospital 

The DeWitt Army Hospital pro- 
vides hospitalization for troops in the 
southern portion of the Military Dis- 
trict of the Washington area, including 
the Pentagon, Fort Myer and Vint Hill 
Farms Station. Treatment facilities and 
hospitalization are provided depend- 
ents of military personnel on a space 
available basis in accordance with cur- 
rent Department of the Army direc- 
tives. Medical supply service is fur- 
nished to A. P. Hill Military Reserva- 
tion and Vint Hill Farm Station. Medi- 
cal service is provided for troops sta- 
tioned at Fort Belvoir. 


Davison Army Airfield 


This airfield provides command 
administration and jurisdiction over all 
aviation operations, maintenance, and 
supply for all aviation units and activi- 
ties assigned, attached, or stationed at 
Davison U.S. Army Airfield, Fort Bel- 
voir, Va. for the purpose of providing 
Army aviation service to include com- 
bat-readiness flight training for the 
Office of Defense Mobilization, De- 
partment of the Army, and other agen- 
cies as designated. 


Other Services and Facilities 


The American Red Cross has a 
unit at the DeWitt Army Hospital. In 
addition, there are volunteer groups 
consisting of a Gray Lady Unit, a Staff 
Aid Unit of two production units. 

For athletics and recreation, the 
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Part of REDSTONE ground support equipment in the field. Crew is shown preparing missile for firing. 





Post population finds four badminton 
courts, two baseball fields, eight basket- 
ball courts, sixteen bowling alleys, 
ample boxing facilities, two large field 
houses, several football fields (includ- 
ing the stadium with a seating capacity 
of approximately 6500), four touch 
football fields for intramural play, one 
nine-hole golf course, one 18-hole golf 
course for the hearty ones, one hand- 
ball court, six softball diamonds, one 
squash court, seven outdoor swimming 
pools, five tennis courts, one quarter- 
mile track complete with field equip- 
ment, numerous volleyball courts and 
three hobby shops (woodworking, 
cabinetmaking, leatherworking, model 
building, metal crafts and photog- 
raphy). 

For banking, the First and Citi- 
zens National Bank of Alexandria, Va., 
maintains a branch office on the Post. 

Both officer and NCO clubs are 
available for Post personnel and de- 
pendents. Six libraries and one book 
store are also staffed for their pleasure 
and convenience. 


Housing 

Government quarters and Wherry 
housing are not sufficient to meet the 
demand. Off-post housing is available 
but cost will well exceed allowances. 
It is suggested that definite arrange- 
ments for housing be made before 
bringing dependents to Fort Belvoir. 

The administration of the assign- 
ment and termination of family quar- 
ters at the U.S. Army Engineer Cen- 
ter, Fort Belvoir, is centralized in the 
Office of the Headquarters Comman- 
dant. All applications for assignment 
are submitted in writing. 

Military personnel who are en- 













REDSTONE has been fueled with liquid oxygen. Crew makes final checkout. 


titled to quarters allowance, and who 
have an anticipated continued future 
assignment of six months or more at 
this station, normally may apply for 
assignment to family quarters. Appli- 
cations are given consideration for as- 
signment by military requirements and 
seniority in rank. 

Fort Belvoir has assignment juris- 
dition over the Lewis Heights housing 
project, located on Fort Belvoir Mili- 
tary Reservation. 

The Billeting Office maintains a 
list of other housing in the vicinity of 
Fort Belvoir indicated as available for 
occupancy. This list is compiled from 
letters and telephone calls received from 
persons wishing to secure tenants. Of- 
ficers assigned to Fort Belvoir who do 
not have dependents with them or who 
have no dependents will normally be 
assigned bachelor quarters on the Post. 

Officers’ guests may be quartered 
at Mackenzie Hall, with occupancy 
limited to five consecutive days. It is 
advisable to make reservations with the 
Secretary of the Officers’ Mess as far 
in advance as possible due to the lim- 
ited number of rooms available. 

Noncommissioned officers’ guests 
may be quartered at the NCO Guest 
House, with occupancy limited to five 
consecutive days. It is advisable to 
make reservations as far in advance 
as possible. 

Other enlisted personnel may have 
guests quartered at the Guest House 
for a period not to exceed five days. 
Here it is also advisable to make reser- 
vations as far in advance as possible. 


Religious Facilities 


There are seven chapels and two 
converted facilities which provide Pro- 


testant, Catholic and Jewish worship 
services for the personnel of Fort Bel- 
voir. There are four Sunday Schools. 
Daily Vacation Schools provide special 
summer religious training. 

In addition to the facilities pro- 
vided by the Post, the local churches 
extend a hearty welcome to personnel 
of the Post to participate in their 
services. 


Corps of Engineers crewmen have erected 


REDSTONE missile on its launching pad. 
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“The Army does not covet the role 
of industrial producer, whether in 


ballistic missiles or any other 
weapon. It has been the historical 
mission of the Army Ordnance 


Corps to pursue weapon design, re- 
search and development, testing and 
prototype production. Succeeding 
Administrations have for 
tions followed the policy 
Government should 
sponsibility for 


weapons of 


genera- 
that the 
the re- 
lethal 
upon 
industrial support for production to 
the extent required in the circum- 
stances. Our policy is to turn over 
the component, the system or the 
complete weapon to industry just as 
soon as production becomes feasible. 
This frees our development teams 
to take on new assignments.” 
Brig. Gen. J. A. Barclay, 
Deputy Commanding General 
Army Ballistic Missile Agency 
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Schools 

Grades one through seven are 
maintained for dependents of military 
and civilian personnel residing on the 
reservation. The school is administered 
by the Office of Education through the 
Commanding General, U.S. Army En- 
gineer Center. The elementary schools 
meet all of the requirements and stand- 
ards established by the U.S. Office of 
Education, the Department of the 
Army, and the Virginia State Board of 
Education. 

Eighth grade and high school stu- 
dents may attend Mount Vernon High 
School located about three miles north- 
east of the reservation on U.S. High- 
way No. 1, or Luther Jackson High 
School located about 17 miles from 
the reservation at Fairfax, Va. 

The Scott School, a cooperative 
kindergarten, is conducted at Fort Bel- 
voir for preschool children. There are 
two nurseries on the Post. 


Recreational Activities 

There are two theaters in opera- 
tion on the Post at the present time. 
In addition, the Essayons Dramatic 
Club, originally organized in the 1860s 
and functioning continually since that 
time with the exception of a brief 
period during World War II, has sev- 
eral productions each year. Participa- 
tion by all Post personnel is welcomed. 

Other activities at Fort Belvoir in- 
clude the Officers’ Wives Club, Non- 
Commissioned Officers’ Wives Club, 
Teenage Club, the Thrift Shop, Boy 
Scout Troop, Girl Scout Troop, Amer- 
ican Legion Post, Parent-Teacher Asso- 
ciation, Golf Club, Garden Club and 
Rod and Gun Club. There is also a 
planetarium and MARS radio station 
on the installation.* 
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When project engineers at North 
American Aviation, Inc., needed a 
special telemetering cable for their 
advanced guided missile work at 
various missile test centers, Rome 
Cable Corporation was asked to 
make it. 

The cable was a tough one to 
manufacture. The specifications 
called for exacting dielectric re- 
quirements, low-loss character- 
istics, adequate service life—and 
a total of LIL conductors—all 
contained by one heavy-duty 
jacket. 

Because Rome Cable engineers 
are accustomed to solving tough 
cable problems like this, they read- 
ily produced the cable which met 
North American's rigid specifica- 
tions. Rome RoLene—a polyethyl- 
ene compound—proved perfect for 
insulating the 37 triplets inside the 
jacket, and it easily met the specifi- 
cation requirements calling for con- 
trolled capacitance and uniform 
wall thickness. Rome Synthinol, a 
tough polyvinyl chloride com- 
pound, proved to be an excellent 


jacket material. 


Rome Cable can also help you 


You can turn to Rome Cable with 


Lominated Fibergias tape 


tough guided missile problem 


confidence for the right solution to 
your special cabling problems. 
Rome’s competence in its field is, in 
part, a function of the following 


factors: 


1. Engineering experience. Rome 
engineers regularly handle com- 
plicated specification problems. 
They've had years of experience 
dealing with electronic circuit prob- 


lems. 


2. Complete production facilities. 
The completeness of Rome Cable's 


manufacturing facilities is unique. 


3. Uncompromising quality con- 
trol. Latest devices, like the photo- 
electric gauge, are regularly used to 
assure highest quality. This particu- 
lar gauge enabled Rome to maintain 
an exacting control on the diameter 
limits of insulations and jacket for 
this special cable. 

Rome Cable’s engineers can prob- 
ably be of real help to you on your 
next cable problem, especially if it 
is a really tough one. For more in- 
formation as to what we can do to 
help you, simply contact your near- 
est Rome Cable representative—or 
write to Department 850, Rome 
Cable Corporation, Rome, N. Y. 


Rome Synthinol jacket Rome Rolene insulated triplets, 
over each triplet twisted with fillers 





Heavy Rome Synthino! jacket 


Tinned copper shielding braid 


ROME CABLE 
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Circle No. 40 on Subscriber Service Card. 
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the need for streamlined 


Ground Support Activities 


by B. J. Wald 
Burns and Roe, Inc. 


GUIDED MISSILE, to be suc- 

cessful, must be a classic example 
of an integrated weapons system. It 
must be the successful wedding of an 
extremely complex piece of airborne 
equipment to an equally complex 
ground support system. This ground 
support equipment must be designed 
to house, maintain, service and fire the 
missile. In some cases it must even 
guide the bird to its prey. 

A ground support system consists 
of the structures, facilities, complex 
gas and electronic systems and other 
equipment required to service a mis- 
sile system from assembly to final 
launching. This concept of ground sup- 
port equipment can best be examined 
if it is divided into phases which repre- 
sent the various services or facilities 
required to launch a missile. 

The fixed-facility phase of a 
ground system at a launch site includes 
the design and construction of the 
structures which house the missile and 
other servicing systems. The configura- 
tion of the structure which houses the 
missile is determined by the size and 
configuration of the missile. In many 
cases this building, as well as some of 
the others comprising the overall sys- 
tem, must have a controlled atmosphere 
to protect the delicate mechanisms that 
they and the missile contain. The de- 
signer of these facilities is challenged 
with providing the basic structure and 
supporting equipment to operate an 
effective launch site under widely vari- 
ant environmental conditions. 

The designer must consider fire 
fighting, decontamination, power and 
lighting, heat and ventilation, drainage, 
snow and wind loadings, and the prob- 
lem of protective and operational spac- 
ing. The missile shelter building must 
be economically constructed, yet meet 
the demands and stresses that tactical 
operation and weather impose. 

Fueling and pressurization of the 
missile are other problems of first mag- 
nitude. The designer of fueling equip- 
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ment for a ground support system faces 
problems arising from the nature of the 
material used as propellants. 

Since most missile propellants are 
highly corrosive as well as toxic, their 
safe handling is of paramount impor- 
tance. Extensive complex equipment is 
necessary to store or transfer oxidizers, 
such as liquid oxygen, to the missile. 
When the oxidizer can be stored at 
ambient temperatures, there is the 
problem of rapid corrosion. The fuel- 
ing system must be designed with the 
maximum amount of safety features, 
since excessive exposure to the pro- 
pellants is highly dangerous to operat- 
ing personnel. 

To complement the fueling facili- 


Guided Missile 


ties, the designer must develop an ade- 
quate air-decontamination system that 
will effectively cope with any mishap 
In addition, provisions must be made 
for decontamination of all components 
which are subject to contact with the 
propellant before maintenance can be 
undertaken. 


Missile Fueling 

Having solved the problems of 
storage, handling and decontamination, 
the designer faces a far greater prob 
lem in metering fuels to the exacting 
requirements dictated by missile de- 
sign. Fueling a missile is a critical op- 
eration; small errors in the required 
weight of supplied fuel will affect the 


Support System 








WEAPON 
System 











| GROUND SUPPORT EQUIPMENT | 








I | l 





l | J 



















































































































































































auTOmarTic STORAGE FUELING OPER ATIONA n 
tc SEQUENCING ano an Test P GROUND Senvice 
FACWKITIES EQUIPMENT ASSEMBLY PRESSURIZATION EQUIPMENT GUIDANCE EQUIPMENT 
rm PRE SSURIZATION STORAGE STORAGE MISSULE 
oF -——- or pe 6 ASSEMBLING 
FIGHTING Gases Gases FUELS EQUIPMENT 
oecowTam- TRANSPORTING MONITORING TRANSFER TRANSPORTING 
= gue of — 
wanion oases Gases FUEL Souruant 
WATER WEIGHIN 
HEATING AKO Sarety — ~. e —-——-- L ano 
VENTILATION O€vices FUEL 
POWER 
ANO 
LIGHTING air 




















Flow diagram showing complexity of a guided missile support system. 
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missile flight to such an extent that it 
can fail to achieve its mission. 

The designer has several metering 
concepts on which to base his equip- 
ment. He can consider the use of volu- 
metric, Or mass meter, procedures, or 
he may use mechanical or electronic 
weighing devices, or, to insure greater 
accuracy, a combination of both. If he 
chooses the volumetric procedure, he 
has the additional problem of tempera- 
ture variations which will affect his 
measurements. Whatever his choice, it 
must be guided by the requirements of 
the missile. 

Since the generation of various 
gases under extremely high pressure 
has become mandatory in a missile sys- 
tem, the designer of ground support 
equipment must fulfill this requirement. 
A gas is often used to drive the fuel 
from the place of storage to the mis- 
sile. It is also used to force-feed the 
fuel from the fuel storage tanks in the 
missile to the propulsion unit. The low 
dew point required by the devices using 
the gas necessitates the use of refrigera- 
tion units and drying apparatus. 

Foreign matter is reduced in quan- 
tity and size by passing the gas through 
filters that keep the size of the particles 
below 10 microns. These pressurization 
systems must incorporate elaborate 
safety and fail-safe features that in- 
stantly indicate any malfunction. Since 
most pressurization systems are con- 
trolled by automatic sequencing de- 
vices, the designer must deal with many 
unique electromechanical problems. 


Sequencing Gear 

The nerve center of the ground 
support equipment is the automatic se- 
quencing gear. The designer must use 
this unit as his control for the initiation 
and continuation of the launching 
cycle. The sequencing begins the oper- 
ation of each system at the beginning 
of the countdown, and controls each 
system until time zero, when the mis- 
sile is launched. 

This sequencing gear monitors the 
operation of the equipment while the 
launching cycle is in progress. A va- 
riety of interlocks between systems as- 
sures the preper sequencing of opera- 
tions. For example, if the enclosure- 
opening sequence has not been com- 
pleted, the firing cycle will not con- 
tinue, and a malfunction signal will 
result. Briefly, the sequencing gear in- 
sures that all initial conditions are met 
before the systems proceed to second- 
ary conditions, and so on, until the 
missile has been fired. 


Assembly and Storage 


Assembly and storage form an- 
other design phase which is dependent 
on the tactical requirements imposed 
on the ground support equipment by 
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the overall weapon support equipment. 
A weapon support system maintaining 
a large number of missiles in a ready 
state for instant firing requires ground 
support equipment of sufficient depth 
to service a full complement of missiles 
for long periods of time, and also to 
store spare missiles and replacement 
sections for extended periods. 

The problem of storage becomes 
a problem of sufficient space. In many 
cases this can be overcome by design- 
ing and fabricating shipping containers 
so that each acts as a weatherproof 
housing for a particular section of the 
missile. However, a sheltered assembly 
area is always a requirement. 

Ground service equipment of opti- 
mum design is necessary to aid in the 
assembly of the missile at the launch 
site. Transport equipment must be 


_ Optical instrumentation for 
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lightweight, yet capable of bearing the | 


load for which it was designed, and 
responsive to one-man control. Units 
of this equipment must transport and 
position each section of the missile for 
maintenance and assembly. 

If the launch site is remotely lo- 
cated from the assembly and test area, 


consideration must be given to the 
transportation problem caused by a 
completely assembled missile. Vibra- 


tion, road shock and a controlled at- 
mosphere in the missile are some of 
the aspects a designer must consider in 
planning a transporter. 

Additional problems arise should 
the logistical situation dictate the use 
of air transportation. Special ramps 
must be designed and mated to the par- 
ticular aircraft being considered for the 
airlift. 

The inclusion of lifting gear to 
move the missile from its carrier to the 
aircraft may be required if the missile 
is shipped without its carrier. When 
the ground transport carrier of the mis- 
sile is placed aboard the aircraft, the 
problem of rotating the missile on the 
carrier to facilitate loading may neces- 
Sitate the use of unique equipment. 

Once the missile has been as- 
sembled, it must be tested to insure its 
reliability. This operation is performed 
by functional test equipment which is 
normally part of the operational test 
equipment. This equipment can moni- 
tor the missile’s electronic gear, simu- 
late flight and provide assurance that 
the missile will function after it is air- 
borne. By its nature, the functional 
test equipment is complex, but its op- 
eration must be reduced to a few 
simple steps. The personnel who oper- 
ate the equipment should have no diffi- 
culty in determining the cause of a 
malfunction. 

The test equipment must quickly 
isolate the section which is malfunc- 
tioning and give a visual indication, 
quickly identifiable by relatively inex- 
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accurate measurement of 
remote or inaccessible objects 
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Gaertner M901 General-purpose Cathetometer 


CATHETOMETERS 

Gaertner Cathetometers are designed 
for accurate measurement of vertical 
distances or displacements. They are 
ideally suited for measuring where the 
object or action is remote or not acces- 
sible by ordinary means. Gaertner pro- 
duces a wide variety of precision-con- 
structed cathetometers to meet your 
individual requirements. 


@ General-purpose Cathetometers— 
These combine a high degree of 
accuracy with a maximum of con- 
venience. Range 100 cm, focusing 
range 60 cm to infinity. 


© Precision Cathetometers—For maxi- 
mum accuracy and rigidity. Read- 
ings directly to 1 micron. 


© Micrometer Slide Cathetometers—For 
precise measurement of short vertical 
distances. Range up to 4” or 100 mm. 
With telemicroscope, focusing range 
12 cm to infinity. 


® Co-ordinate Cathetometers — Permit 
making precise co-ordinate measure- 
ments on objects in a vertical plane. 
Focusing range 9” to infinity. Co-or- 
dinate measuring range up to 24”x42”. 

SPECIAL PURPOSE PERISCOPES 
REMOTE OPTICAL STRAIN MEASURING 
INSTRUMENTS 


Write for Bulletin 162-56 


The Gaertner 


Scientific Corporation 
1258 Wrightwood Ave., Chicago 14, Il. 
Telephone: BUckingham 1-5335 
Circle No. 42 on Subscriber Service Card. 
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perienced personnel. This type of test 


gear is required to permit rapid repairs 
to be made on a defective component { 
or assembly within the missile. 


If the missile is of the type that 
is held in a ready storage state over an 


extended period, additional test equip- 
ment is needed to give assurance that 
; FIFTY-FIVE the missile will fire when the demand 
is made. This equipment is also known 


aS Operational test equipment. It is used 
DEMONSTRATION EQUATIONS to make periodic checks on the missile 
and the launching systems. The opera- 
tional test equipment section normally 


SOLVED BY bypasses central control and sets up a 


test loop simulating every phase of the 


‘THE ENGINEER'S launching sequence without actually 
firing the missile. The equipment, 
COMPUTER” which should be designed for operation 
by one man, is usually mobile so that 
it may be moved from launcher to 
launcher. The equipment must be able 
to isolate any malfunction in_ the 
launching systems or the missile. This 
type of testing permits the removal of 
an inoperable missile from the ready 
status board and its replacement with 
an operable one. 
Ground guidance equipment is a 
direct result of the type of guidance 





LitTon Dicitat DiFFERENTIAL ANALYZERS are designed to solve, with a minimum to be used for any given missile. It is, 
of programming effort, those problems generally arising in the fields of engineering of necessity, usually developed simul- 
and mathematics. The remarkable insight you obtain with these accurate, versatile taneously with the guidance equipment 
incremental computers is an experience reported to us again and again. Insight into contained within the missile. 
the problem stems partly from your own programming, partly from the continuous The designer of ground support 
rapport you have with the problem as your uniquely personal mathematical tool equipment must coordinate his design 
solves for you. The Litton DDA plugs into any standard 110-volt outlet. You need | effort with the airframe designer who, 
only a few hours of coaching from us to grasp the programming for — in turn, must coordinate with the pro- 
pulsion and guidance designers. Thus, 
Solution of linear and non-linear differential equa Jacobi Elliptic Functions. Sturm-Liouville Equa ground support equipment is defined 
tions including those containing transcendenta tion, Hypergeometric Function, and Legendre only after the missile is in an advanced 
functions. Functions tok , era For this reason. 
> onsir Performance of logical switching functions, such ee © — . . 
Soleten of cioserois end aMerenialonuationgin Performance of lovicel ewtetuna functors. uch | changes suggested in the missile by the 


ground support equipment designer are 
usually not immediately acceptable, but 


limiting, and mode of neratior witchir 
Simulation of non-linear dynamical systems : . Aadepameaicvaees me 
Multiplication and division of variables, etc., etc 


Generation of any standard algebraic, trigono Soy ot i f Sait 
metric, or inverse trigonometric function CAPACITY: Model 20—20 Digital Integrator are incorporated in uture missile 
: Model 40—40 Digital Integrators > 2 . é >; a Sm 
eemaninds ai dhe ahebie Widtiiens @ wade , ae models. . On the other hand, a small 
matical physics which can be expressed as solu ACCURACY: Up to 1 part in 2'* (to 5 decimals) change in the missile can, and usually 
tions of differential equations These include the COST: Model 20, $12,800 — Model 40, $16,800 does. result in major changes in the 


ground support equipment. 
Cases of early missile unreliability 
have been traceable to the hit-or-miss 


LITTON I N D U STR | E S approach given the research and devel- 


ELECTRONIC EQUIPMENTS DIVISION opment of the ground support systems 


336 North Foothill Road + Beverly Hills, California areas. Songs Sas Nt pee. 
clude the possibility of the missile de- 


signer getting a long lead on the ground 

20 “0 support equipment designers. Should 
LITTON 2U & LITTON DIGITAL DIFFERENTIAL ANALYZE TTON G Oo ON G , : 

. ct shite dasasintlipeagpreailrerssathae such a lag develop, the results must in- 

PLOTTER/FOLLOWER LITTON PAPER TAPE PUNCH/READER LITTON DIGITAL TO ANALOG CONVERTER . . . . : ; 

evitably be disappointing with early 


ee Ae a A, a ee wai misfirings and high engineering costs 





Please send me, without obligation, specifications on the Litton in relation to fabrication costs. 
20 & 40 DDA s, plus a tabulation of 55 demonstration equations. These conditions could result in 
SEND restricted production capabilities of 
COUPON sence what could have been a good missile. 
3 rae one anv wle : 
Company Fortunately, today many people are 





starting to realize that more than ever 
progress in missile development and in 
missile accuracy is dependent on prog- 
ress in the development of the ground 
support system.* 


T @) DAY! Street 


City Zone State 
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can the missile industry build 


Engines By The Book? 


; % ROCKETDYNE’S big Canoga 
Park, Calif., plant, they’re building 
missile engines “by the book”—a book 
which is perhaps the industry’s most 
purposeful and unique. 

Moreover, it’s an adaptation of 
how-to books which for years have told 
kids how to put together their airplane 
models and guided dad on how to lay a 
patio floor. 

In brief: for every major machined 
and assembled component that goes in- 
to a missile engine (destined for the 
Thor, Jupiter, and Atlas), there’s an 
illustrated, step-by-step manual. The 
manual shows the machinist how to 
make his setup, specifies what tools he’s 
to draw from the crib, includes a de- 
tailed part print, calls out all specifica- 
tions and tolerances, and pictures the 
finished component in three dimensions. 

The machinist or assembler seldom 
ganders the entire book (which may 
run to 25 pages). Instead, for detailed 
and complex jobs, he checks out of the 
tool crib only the page pertaining to the 
job he’s working. 

Behind Rocketdyne’s how-to books 
—which cover the whole range of 
rocket engine making, from machining 
to final assembly—lies a new concept 
in manufacturing control. 

High points of the new concept: 

1—Production procedures—in all 
their detail—can be most efficiently and 
effectively determined by the group ef- 
fort of a top-level panel of experts— 
experts from the machine shop, from 
tooling, design, engineering, inspection 
and purchasing. 








2—Once these procedures have 
been set by the pooled thinking (and 
cumulative years of production know- 
how) of the top-level panel, they be- 
come standard operating procedure. 

3—After the panel has set a step- 
by-step machining procedure based on 
the pooling of many years’ experience, 
it must be followed without modifica- 
tion by each department. 

4—Such a skilled panel can pre- 
plan a component's step-by-step fabri- 
cation long before it goes into produc- 
tion physically—thus unburdening the 
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by James Joseph 
Rocketdyne 


machine shop, fabrication and assembly 
departments from production decisions. 

5—Outcome is a written proce- 
dure order, compiled in book form—a 
how-to manual. Through three-dimen- 
sional drawings, prints, tooling orders 
and other descriptive means it spells 
out, step by step, how the component 
is to be machined and fabricated. Need 


for a machinist or assembler to read a 


blueprint is greatly reduced. He merely 
follows his how-to instructions. 

Result of this preplanning: For the 
first time industry has a book which in 
simple, easily understood terms spells 
out how a part is made, how it’s ma- 
chined and fabricated. Thus, Rocket- 
dyne can send a complete set of books 


on one of its missile engines to a new 
NAA facility (or in case of emergency, 
to just about any competent production 
shop), confident that the part it gets 
back will be precisely as ordered be- 
cause it will be made “by the book.” 
No Guesswork 

Says Rocketdyne’s factory man- 
ager, Ross Clark, who initiated how-to 
production books for rocket engine 
making, “We've eliminated shop deci- 
sions where production is concerned. 
The shop must still preload machines, 
must do all the other usual shop work 
—with one exception. No longer must 
the machine foreman decide what jigs 
to use or how to fabricate them or 
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Proven and evaluated, Rocketdyne’s IRBM engines are ready for mass production. 





what job to do first. That’s all spelled 
out for him. 

R. P. Lang, who supervises manu- 
facturing process control at Rocket- 
dyne, says of the books: “They are 
written for the man on the machine 
and for the man on the assembly line. 
They give him, at a glance, a complete 
picture and understanding of what he’s 
making. In the shop, they’re used in 
place of drawings.” 


Book Content 


Let’s look, as closely as security 

permits, at a typical how-to book writ- 
ten for the machine shop. This partic- 
ular book covers in a dozen pages the 
start-to-finish, step-by-step machining of 
a missile engine’s thrust chamber. The 
first page shows a_three-dimensional 
drawing of the part. Opposite this 
drawing is a description of the first step 
—layout—in its production. 
_ The machining description speci- 
fies by tool number what tools the 
machinist should draw from the crib 
for step number one in the component’s 
fabrication. It tells him specifically what 
jigs and fixtures (by serial number) he’ll 
need. It indicates the kind of machine 
on which the work must be done (al- 
though assigning specific machine still 
falls to the machine shop supervisor 
and his foremen). It shows a detailed 
drawing of the part taken from engi- 
neering blueprints—a drawing which 
concerns itself only with step number 
one in the part’s production. 

Example: The book may say that 
for step number one—laying out the 
job—the machinist will need jig #456, 
scriber #458. All dimensions are de- 
tailed. Once his layout matches the 
book’s, he is informed that the casting 
or forging now goes to a mill of a spe- 
cific type. 

Each sequence of milling, of set- 
ting up, etc., is then spelled out. 

Example: “Mill opposite side; 
hold 4.937 dim. Do not mill off center 
lug.” 

A reference at the bottom of each 
page describes the next operation which 
is detailed on the following page. 

Example: “Next, component moves 
to Section X.” 

On the following page, which de- 
tails the next production step, the proc- 
ess section is instructed to wash and 
burr the part and each step is fully 
described. Succeeding pages detail se- 
quence as the part flows from proces- 
sing back to a mill in the shop, and 
from there to a drill press. 

Rocketdyne how-to manuals are 
really the outgrowth of a new produc- 
tion thesis. 

Says factory manager Ross Clark, 
“Ours is controlled planning as opposed 
to what you might call normal planning. 
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It is controlled planning which made 
the book possible.” 

Normal planning, as common to 
most plants and most machining sec- 
tions, begins with a drawing. Engineer- 
ing produces a component print. The 
print is approved and flows to the shop. 
There the machines supervisor—and 
perhaps some of his foremen—study 
the drawing. They come up with what 
they consider the best method to ma- 
chine the part. 

Production of the part often goes 
through many changes before the shop 
standardizes machining techniques. This 
is because the analysis is undertaken by 
a group of men usually thinking only 
in terms of their specialty (fabricating, 
machining, or some other process). 

Rocketdyne believes no one super- 
visor can possibly view a component 
from every angle—from the viewpoint 
of tooling, purchasing, designing and 
fabrication. 

Such “localized” shop planning 
usually turns out a good component. 

Rocketdyne doesn’t necessarily 
turn out a good part with the first 
effort. Frequent revisions in machining 
sequence and method require not only 
a more competent man at the machine, 
but encourage individual interpretation 
of blueprints and drawings. 

Clark believes individual _inter- 
pretation—where it concerns parts as | 
precision-built as rocket engine com- | 
ponents—both unwise and uneconom- 
ical. Moreover, in extremely high-tol- 
erance rocket-engine machining, indi- 
vidual shop and assembly interpreta- 
tion runs the risk of slight differences | 
between parts and assemblies. 


Controlled Planning 


Thus developed Rocketdyne’s 
controlled planning which refers each 
component, prior to production, to the 
best accumulation of brains available. 
The component is studied from every 
angle. Then, step by step, its fabrication 
is standardized and spelled out in de- 
tail. Occasionally a part may be run | 
through the shop to settle which of | 
several machining methods is best. Usu- | 
ally, however, the rules are laid down 
and the how-to book written before 
any part has been fabricated. And the 
shop must follow this step-by-step plan. 

Changes are, of course, made in 
the procedure, But usually they come 
about only because a new, better ma- 
chine or technique is acquired. 

Rocketdyne’s theory—‘“and amply 
proven,” as factory manager Clark 
points out—is simply this: When you 
put a production problem to a panel of 
representative experts from every seg- | 
ment of production, you should come 
out with the best method. 

Having arrived at this best method, 
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ENGINEERS 


... cross new 
frontiers in system 
electronics at THE 
GARRETT CORPORATION 


Increased activity in the 
design and production of sys- 
tem electronics has created 
openings for engineers in the 
following areas: 


ELECTRONIC AND AIR DATA 
SYSTEMS Required are men of proj- 
ect engineering capabilities. Also 
required are development and 
design engineers with specialized 
experience in servo-mechanisms, 
circuit and analog computer design 
utilizing vacuum tubes, transistors, 
and magnetic amplifiers. 





SERVO-MECHANISMS 

AND ELECTRO-MAGNETICS Complete 
working knowledge of electro-magnet- 
ic theory and familiarity with materi- 
als and methods employed in the design 
of magnetic amplifiers is required. 


FLIGHT INSTRUMENTS AND 
TRANSDUCER DEVELOPMENT 
Requires engineers capable of analyz- 
ing performance during preliminary 
design and able to prepare proposals 
and reports. 


FLIGHT INSTRUMENTS 

DESIGN Requires engineers skilled 
with the drafting and design of light 
mechanisms for production in which 

low friction, freedom from vibration 

effects and compensation of thermo 

expansion are important. 


HIGH FREQUENCY MOTORS, 
GENERATORS, CONTROLS Requires 
electrical design engineers with 
BSEE or equivalent interested in 
high frequency motors, generators 
and associated controls. 


















Send resume of education 
and experience today to: 


Mr. G. D. Bradley 


9851 S. Sepulveda Blvd. 
Los y whew: a 45, Calif. 


DIVISIONS: 


AiResearch Manufacturing 
Los Angeles 
AiResearch Manufacturing 

Phoenix 
AiResearch Industrial 
Rex — Aero Engineering 
Airsupply — Air Cruisers 
AiResearch Aviation 
Service 
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AIR TURBINES 






AIR MOTOR 
ACTUATORS 





GAS TURBINE COMPRESSOR 
POWER UNIT 


(Prime Power Source for a and 
Pneumatic Power) 
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The AiResearch units shown gaat the need for high- ” A¥fiong the additional functions which can be accomplished 
output, lightweight and comp ponents to be incér-@* with AiResearch components and systems are: main engine 


porated in mobile ground seppeledie for tacti¢al > starting ; heating and cooling for equipment and personnel ; 
missiles. The Gas Turbine Compressor Bower Unit, proved air supply for pneumatic systems including missile pre- 
in service, supplies shaft and pneumatic power simultane- flight de-icing, vehicle wheel drives and other linear and 
ously. DC or AC electrical current for 60, 400 or 1200 cycfes rotational actuation; and energizing of hydraulic systems. 
can be generated for missile checkout. Gas*turbine power Reliability and compatibility are assured by components 
units can be started immediately and operated under all and systems now in the field. Contact the nearest Airsupply 


extremes of weather. or Aero Engineering office for further information. 


THE CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 





AERO ENGINEERING OFFICES: arRsuPPtv OFFICES: 
MINEOLA * ATLANTA * BALTIMORE + BOSTON + CHICAGO + CINCINNATI + COLUMB BEVERLY HILLS * DENVER « FT. WORTH + KANSA ITY + SAN AN FRANC! oO 
DETROIT + INDIANAPOL * PHILA PHIA * Tr. a iS + SYRACUSE + ORLAN EATTLE + TULSA + W HITA 
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When you need an aluminum fuel 
pump this big for your rocket to the 
moon, Morris Bean & Company will 
cast it for you. 

Actually, no such casting exists. 

It could. 

We have developed unique foundry 
techniques which we now use in 
production on castings weighing 
thousands of pounds. These castings 
have extensive areas 9 to 12 inches 
thick which must be porosity free. 

We are also casting solid and hol- 
low mandrels used to form solid pro- 
pellant. 

The outstanding contribution of our 
large aluminum castings is drastically 
reduced first and ultimate costs. 

Telephone or write for information 
now. 

Morris Bean & Company 

Yellow Springs 11, Ohio 


large aluminum castings ! 
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it can be detailed step by step and 
established as standard operating pro- 
cedure. 

Take an oxidizer unit. It has been 
designed and is ready for production. 
An advanced, approved drawing has 
come to the factory manager. He then 
sets the date to begin the component’s 
production. 


Collective Decisions 


A representative from the machine 
shop (foreman or assistant foreman 
level) is called into conference. Joining 
him are: a tool planner, a tool engineer 
(representing the Design Department), 
a representative from Inspection (repre- 
senting Quality Control) and a materials 
man (representing Purchasing, whose 
concern at this point is in advance 
procurement). 

The component’s configuration is 
studied, It is analyzed from each de- 
partment’s viewpoint. A_ step-by-step 
production procedure is written. 

This step-by-step analysis specifies 
what mill fixtures will be required for 
each step and what tools and on what 
machine the work will be done. The 
component may or may not (usually 
not) be put through the shop. Tooling 
set-up sheets go to Tooling, which illus- 
trates the pages and designs the needed 
tools. When tooling sheets are finished, 
they come back to the conference for 
revision and approval. The approval 
must usually be unanimous. The step- 
by-step write-up and drawings are 
checked again against the engineering 
drawing. 

Finally, when the five- or six-man 
panel agrees on each step in the com- 
ponent’s manufacture (their cumulative 
experience totaling perhaps 50 or 60 
years) the book, page by page, goes to 
the reproduction department. 

From here on, the course is set, 
and every department will follow the 
procedure exactly, step by step, as laid 
out in the how-to book. 

Result: The man on the machine 
needs to do no improvising. He doesn’t 
have to ponder what jig to use, what 
tool to draw from the tool crib or what 
step comes next. Furthermore, he 
knows exactly where he fits into the 
total fabrication picture and where his 
particular milling job fits into the com- 
ponent’s production. 

Right now, Rocketdyne machinists 
and assemblers are turning out missile 
engines with how-to books in hand. 

“We're doing a better production 
job—not faster, but better—than by 
any previous method,” factory manager 
Clark states, “and the secret is con- 
trolled, top-level planning where con- 
clusions are translated into simple, 
easily understood books—books aimed 
at the man on lathe and assembly jig.”* 
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From Conception to Count-Down... 


TRAILMOBILE 
TRAILERS 
MOVE MISSILES 


Component shipment 














































Transfer to firing site 


Find out how Trailmobile can help solve your missile move- 
ment problems. Mail coupon now for easy-to-use guide book 
for trailer specifications. 


TRAILMOBILE Inc. Cincinnati 9, Ohio 
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a Attn. Mr. John Zepf, ; 
i Manager—Contract Department 
ities ~ Trailmobile Inc., Cincinnati 9, Ohio | 
= ” Please send me the Trailmobile guide 
colic. book with step by step procedure for | 

<= establishing trailer specifications. 
Name_____ sin | 
| 

Title Firm . 
| 

Address el * | 
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As president and board chairman of American Ma- 
chine & Foundry Co., Morehead Patterson has guided 
this growing industrial firm through a tenfold postwar ex- 
pansion and diversification program. Prominent among 
AMF’s accomplishments in this period is its emergence as 
a leading force in the design, development and manufac- 
ture of missile-launching and ground handling equipment. 
Q. Foundry Company in the missile program? 

A. Ground support equipment. We go in for every- 
thing that has to do with taking the missile out of its con- 
tainer, testing it to see if it’s operable, storing it, selecting 


that particular type of “bird” called for by fire control and 
then launching it. 


What is the primary role of American Machine & 


AMF runs the gamut from design and engineer- 
ing to manufacture of these systems, including general 
instrumentation, tracking devices such as radar antennae 
and electronic display equipment, full-scale launching com- 
plexes, even the tiny electrical relays which are so vital in 
sO many mechanisms both commercial and military these 
days. 


AMF also engineers and designs complete base facil- 
ities with primary emphasis on missile shelters. For example, 
one such ground support system developed by AMF fea- 
tured missile selection and launching operations which were 
completely automatic. The electrical system alone em- 
ployed 6000 relays to sequence automatically 750 tons of 
mechanical equipment through 150 separate and distinct 
operations. 

Q. The aircraft industry has said it could handle the 
missile business completely. Recently there have been a lot 
of nonaircraft companies like AMF, for example, coming 





. « « not interested in making airframes. 
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m/r’s personal report from. 


Industry’s ‘Automation’ 


Morehead Patterson 


in business to make money. 





into this business. What are your comments on this new 
trend? 

A. Well, whenever any new market opens up, any 
company alert enough to see possibilities in it can be ex- 
pected to get busy. Many try to get together a group to 
try and take that market. So there is a great deal of com- 
petition, intense competition. 

The aircraft companies, I have no doubt, could do 
some of the ground support work. Presumably, however, 
they would have to organize their own group. Because 
they are basically airplane companies, they are not neces- 
sarily equipped with the proper kind of manpower and 
facilities to do this particular kind of work. It would be 
just as impractical for them to do this work as it would 
be for us to organize to make airframes, and we're not 
interested in making airframes 

Q. What missile systems are you working on 

A. We are doing engineering work or making com- 
ponents for practically all of them. But we are particularly 
active in the Talos, Bomarc, Atlas and Titan programs. 

Q. How much of a missile dollar goes for ground 
support equipment? 

A. It’s very hard to define a typical missile system 
since equipment requirements vary so much. But in gen- 
eral ground support equipment accounts for 10 to 20 per 
cent of a missile system’s cost. 

Q. When the equipment entails other major compo- 
nents such as chemical storage and pumping equipment, 
electronic gear, etc., is there close liaison between the 
vehicle supplier and the other contractors, or does one 
simply order equipment from the other to present specifica- 
tions? 

A. In many areas of ground support equipment, sys- 
tem compatibility, reliability and space requirements are 





. equipment as automatic as possible. 
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In the third of the Navy’s Vanguard tests, a Martin earth- 
satellite vehicle leaves its Loew ydropress launching installa- 
tion at Cape Canaveral, Fla. Official U.S. Navy photo. 


Giant ship-motion simulator, designed and being 
built by Loewy-Hydropress under contract with the 
U.S avy for its Fleet Ballistic Missile Program 
(perspective drawing). 


In action... 


and in progress... 
Loewy missile-launching and ground-handling equipment 


While test firing of Martin’s Vanguard vehicles from the 
Loewy-Hydropress launching installation at the Air 
Force Missile Test Center, Cape Canaveral, Fla., claims 
world-wide attention, another rocketry project of great 
importance—**Shaker”—is also advancing. 


A foundation of enormous proportions has been built 
to contain this Loewy-designed installation, which will 
simulate actual pitch, roll and heave motions as tape- 
recorded by the Navy on the high seas. 


To house Loewy’s tossing giant a pit 54 ft. deep by 33 ft. 
square is required. And adjacent is a mammoth room 
for the simulator’s mechanisms, which include motors 
up to 2500 hp. 


Located not more than 800 ft. from the Atlantic shore- 
line, the project posed difficult problems. Loewy- 
Hydropress engineers had to devise a way to keep water 


lLoewy-Hydropress Division 


BALDWIN : LIMA: HAMIUTON 


111 FIFTH AVENUE, NEW YORK 3, N.Y. Rolling mills 
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from entering the excavation. Pumps for a specially 
designed well-point system were worked around the 
clock to permit sealing off the pit with a concrete plug 
7 ft. thick and erecting 4-ft.-thick walls. 


The next phase—constructing a huge underground 
room to accommodate the complex installation—is 
proceeding on schedule. And at the same time the 
powerful hydraulic machinery is being built. 


As a division of Baldwin-Lima-Hamilton, one of the 
nation’s most diversified industrial organizations, 
Loewy-Hydropress has at its disposal the vast manu- 
facturing facilities of B-L-H shops all over the country. 
Loewy has been selected to coordinate all activities of 
B-L-H divisions in the rocket and missiles field. 


Write Dept. S-1, for literature and for information 
about your specific rocket or missile requirements. 
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DELCO’'S FAMILY OF HIGH POWER 
TRANSISTORS 
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Typical Characteristics at 25°C 
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| Power Dissipation (Stud Temperature 25°C) 70 | 70 70 
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°C/watt 
Nominal Base Current -19 | -19| -19 | -13 | -24/-13 | -24/ -13/ -27 
1s (Vec= —2 volts, le=—1.2 amp.) j ma 
*Adequate Heat Sink **Designed to meet MIL-T-19500/13 (USAF) 18 JUNE 1957 


These nine Delco Radio alloy junction germanium PNP 
power transistors are now in volume production. They 
are characterized by high output power, high gain, and 
low distortion. And all are normalized to retain superior 


Offer a wide range of 


performance characteristics 
to meet your switching, 
regulation or power 

supply requirements 
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performance characteristics regardless of age. 


Check the data chart above—see how they fit your 
particular requirements in current switching, regulation 
or power supply. Write for detailed information and 
engineering data. Delco Radio maintains offices in Newark, 
N. J. and Santa Monica, Calif. for your convenience. 


DELCO RADIO 


Division of General Motors 
Kokomo, Indiana 
missiles and rockets 





so critical that close liaison between the contractor and 
the various equipment suppliers is mandatory. Servicing 
equipment, for example, must perform a variety of opera- 
tions requiring pumping equipment, valves, safety devices, 
weighing systems, etc. 


Since one contractor normally cannot supply the 
know-how for all the items of equipment, several suppliers 
are contacted. From this point on, continuous close liaison 
must be maintained between these equipment suppliers and 
the vehicle contractor to insure that the final items meet the 
overall system performance specifications and packaging 
requirements dictated by the vehicle geometry. 

Q. Do you have any ideas as to how many other 
companies are currently in the business of supplying ground 
support equipment? 


A. There are about twelve other companies in the 
country now producing missile ground support equipment 
of the type supplied by AMF. When ground electronic 
equipment is considered, however, there are several hun- 
dred more companies which furnish either components or 
whole items of ground support equipment. 


Q. Is 


powered? 


ground support equipment usually  self- 


A. Usually ground support equipment is operated 
from power sources considered to be an organic part of 
the missile system. This will assure operation independently 
of commercial or civilian power. However, very few items 
of ground support equipment are self-propelled in a literal 
sense. For example, mechanical units, such as movable 
carts, launchers and handling equipment, normally depend 
upon prime movers or power provided by the organic 
supply. 

Q. What are the particular requirements of missile 


ground support equipment as to sturdiness, complexity, etc.? 


A. Our ultimate goal is the development of equip- 
ment which is reliable, low in cost and as automatic as 
possible so that not too many men will be required to 
operate it. 

QO. Considering the frequent requirement for light- 
ness as well as strength, is there a trend toward aluminum, 
magnesium or plastics? 


A. Under normal conditions, reliability, safety, per- 
formance and cost are still the prime considerations in the 
development of ground support equipment. However, where 
air transportability, air dropability and mobility are the 
governing specifications, weight becomes an important con- 
sideration. 

Aluminum is widely used in handling equipment 
where mobility is an important factor. The application of 
plastics in ground support equipment design is, thus far, 
limited, although it is now becoming an important material 
in certain specialized areas of container design, and may 
be used in the future in ready missile shelters. 


Q. How much of the current ground support equip- 
ment is mobile; how much fixed? 

A. We have no figures available on the actual per- 
centages of fixed and mobile equipment in relation to the 
overall missile ground support equipment program. In 
general it can be said that the mobility of the various 
categories of ground support equipment depends entirely 
on the specific system concept. In general, the Services 
appear to favor mobility when it can be obtained without 
excessive sacrifice in system performance or cost. 

Q. What are the different categories of ground sup- 
port equipment? 


A. It is usually broken down into the following 
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general categories: base facilities to include such items as 
specialized maintenance equipment, transport and ship- 
ping equipment, handling equipment, servicing equipment, 
launching equipment and test and checkout equipment. 

Of course each of these can be further subdivided 
into any number of functional systems or types of equip- 
ment. 


Q. What is your estimate on what is being spent 
annually on ground support equipment? 


A. I would estimate that about $350 million is being 
spent annually for the development and production of 
guided missile ground support equipment. As more of 
the missile systems enter large-scale production it is to 
be expected that this amount will increase substantially. 

Q. Do you anticipate expanding your activities in 
the missile program? 


A. That depends. I think the missile business is 
fairly important just now from everybody's point of view. 
But I would like to point out that companies such as ours, 
industrial companies, are in business to make money. 

Everybody has the right to make some profit and, as 
long as we're pretty sure we can make a reasonable profit 
in those fields within the missile program we are best 
fitted to participate in, we shall continue to be active in 
the program and grow with it. 

We think we can contribute the most in the ground 
support equipment area. I think we've got a skilled group 
there and can do a very fine job. Our performance to 
date speaks for itself. 

Q. Mr. Patterson, can you tell us how some of the 
ground support equipment know-how may be applied to 
consumer and industrial products? 


A. AMF has over 50 years of experience in the 
design and fabrication of mechanical and electrical equip- 
ment, from fractional horsepower electric motors to com- 
plex automatic packaging machinery. The increased know- 
how, and new techniques resulting from the development 
of ground support equipment, will have direct application 
to the problems involved in industrial material handling, 
shiploading, dockside handling, airport movement and 
servicing of aircraft, passengers, and baggage as well as 
numerous other handling and loading systems. The auto- 
mation experience gained should be invaluable in the crea- 
tion of automatic machinery systems for almost any man- 
ufacturing facility in which machine shop and assembly 
operations are performed. 

Q. What trends do you see in the development of 
eround support equipment for the future? 


A. From the development standpoint certain trends 
are already apparent in the newer missile systems. These 
include deciding on a complete ground support plant 
before getting started on any large scale missile design 
effort; designing ground support systems which can be 
adapted to several missile systems so that the same equip- 
ment can be used to support whole families of missiles 
rather than requiring each type of missile to have its own 
unique ground support equipment; and greater use of 
military and commercial “shelf” items of equipment to 
keep the military inventory to a minimum. 

Q. What are your views on Russia's Sputniks? 

A. I don’t necessarily think that the fact that 
Sputniks 1 and II are going around the world is any re- 
flection on us in any way. I see no reason for getting ex- 
cited when somebody gets ahead of you. Possibly the first 
satellite we put up will be a far better one than anything 
they have.* 


97 





98 














Propulsion Engineering 


by Alfred J. Zaehringer 
ETHYL MAY BE THE ALKYL GROUP in one boron fuel. Foster Wheeler 


is building a one-million-lb./yr. ethylene unit at Callery Chemical’s 
high-energy fuel plant. The ethylene will be produced by dehydrating 
ethyl alcohol. 


MIDDLE-RANGE ROCKET FUEL, 2-nitropropane, compares well with “work 
horse” fuels of inferior physical properties. I,, is 256 sec. with LOX 
and 225 with 97% HNO.,, says Commercial Solvents Corp. Low cost 
(16¢/lb.), high density (8.24 lb./gal.), low freezing point (—93°C), 
and high boiling point (120°C) have induced Rocketdyne and NOTS 
to evaluate the fuel. Widely used as a solvent, it has low toxicity and 
can be stored in conventional containers. Because 2-nitropropane is 
quite stable, it may also be possible to use the fuel in regeneratively 
cooled motors. 


SOLIDS MOVING UP. Third-stage Vanguard rocket by Grand Central may 
use an ammonium perchlorate-polysulfide solid that puts out an I,,, of 
248 sec. Meanwhile, it is claimed that Hercules Powder developed a 
double-base solid with an I,, of 283 sec. In addition, there are now 
homogeneous propellants that are temperature insensitive at pressures 


of 1000-3000 psi. 
JELLY PROPELLANTS ARE IN USE. Thompson Products is using a jelly 


propellant developed at Atlantic Research. The jelly is believed to be 
an oxidant (such as ammonium nitrate or ammonium perchlorate) 
suspended in an organic fuel (such as alcohol or a hydrocarbon). 
Probable use is a controllable APU. 


FREE RADICALS FOR ROCKETS are not promising. This conclusion was 
offered by NBS, coordinators of entire U.S. free radical research. Big 
problems are: ultralow density, temperatures near 0°K, and half lives 
on the order of only 15 seconds. Only the light free radicals could 
offer substantial practical system increases over chemical propellants 
but their extreme reactivity limits practical application. 


ATOMIC POWERPLANTS FOR ROCKETS will be large, says Eugen 
Sanger. Nuclear power may only be feasible for central power stations, 
marine plants, or very large spaceships. Dr. Sanger sees three types of 
nuclear rockets: (1) a pile which heats a working fluid and releases it 
directly as a jet; (2) a pile providing heat for a turboprop, turbojet, 
or ramjet with air as the working fluid; (3) the photon rocket. 


In the latter two systems, working pressures appear beyond present 
technology. For example, in a photon rocket operating at 0.15 psi 
radiation pressure, a lamp radius (incandescent gases at many thousands 
of degrees) of about three feet would have to work at a pressure of 
some 63,000 psi. The lower limit of a practical operating nuclear com- 
bustion system is estimated at about 200,000 hp. 


HANDLING “HOT” ENGINES CAN BE DONE, General Electric reveals 
that it has to handle radioactive jet engines remotely at AEC’s Idaho 
Falls, Idaho site. A lead-shielded locomotive trundles the hot engine into 
a huge shop 160 x 50 x 63 feet. A mechanical manipulator disassembles 
the engine bolt by bolt, while operators are protected by concrete 
walls some seven feet thick and by nine windows of lead glass and zine 
bromide, six feet thick. Parts weighing 500-3000 Ibs. can be handled. 
Another remote-handling tool is a 100-ton crane. An adjacent pool, 
120 x 60 feet, is filled 24 feet deep with ultrapure water to store fuel 
elements. A 100% stereo depth perception is extremely important for 
operators. 

NITROSYL PERCHLORATE HAS BEEN PREPARED. The potential high- 
energy compound, NOCIO,, was made at New York University from 
nitrogen sesquioxide and perchloric acid. Nitrosyl perchlorate is hygro- 
scopic and decomposes on exposure to air. However, it appears to be 
more stable above concentrations of 55%. 
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Why SPECIFICATIONS 


Are Vital in the 
Missile Industry 


by K. E. Barnes 


Lockheed Missile Systems Division 


HE DEFENSE dollar is_ being 

pinched harder and the engineer- 
ing of future missiles is departing 
further and further from the well- 
known mechanisms, propellants, ma- 
terials and processes of the past. For 
this reason more emphasis must be 
placed on contractor-prepared specifi- 
éations to obtain precise definitions of 
exactly what the contractor is obligated 
to provide for money paid. 

This is especially true now since 
MIL specifications and standards have 
not kept pace with the rapid advance- 
ments in the missile field. Contractor- 
prepared specifications have gained 
stature, too, by virtue of the fact that 
government procurement agencies are 
required by law to contract for equip- 
ment, including missiles, only by the 
definition of a specification. Where the 
MIL specifications and standards are 
out of date or not applicable to ad- 
vanced designs, the contractor must 
fill the gap with his own specifications. 

Since the weapon system manager 
concept takes cognizance of the in- 
creasing complexity of the systems and 
interdependence of one subsystem on 
another, it naturally follows that the 
whole structure of contractor-prepared 
specifications must necessarily be more 
complex in order to define properly 
the hardware comprising the modern 
weapon system, its performance capa- 
bilities and the environment in which 
it is to operate. 

The primary purpose of con- 
tractor-prepared missile system specifi- 
cations is to provide tangible defi- 
nitions for the design, manufacture, 
guarantee and delivery of a physical 
article of a given configuration, to- 
gether with a written agreement as to 
certain other factors, such as design 
criteria, workmanship, method of in- 
spection and tests, etc., so the article 
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can be presented for inspection, its 
guaranteed performance demonstrated, 
and the buyer can accept it. 

From a _ contractual standpoint, 
specifications must be definitive 
wherever possible rather than descrip- 
tive because description may permit 
more than one interpretation, allowing 
the buyer one interpretation and the 
seller another. 

The specifications must also be 
concise in each detail and in as many 
details as it is practicable at the time 
to define, so that as sharp a definition 
as possible may be obtained. This is 
because the missile system will be sold 


for a very finite price, demonstrated 
as capable of very finite performance, 
and delivered including certain definite 
equipment and other items such as 
technical data, etc., on a finite day. 
The sharper the missile system 
definition, the more accurate can be 
the related price, delivery and per- 
formance; the fewer will be the em- 
barrassing misunderstandings of what 
that price, delivery date and weight in- 
cluded and what thrust, altitude, drag 
and other factors were assumed. 
Obviously, the specifications must 
be mutually satisfactory to both parties 
as a definition of a missile system 
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. « » for inertial guidance systems in guided missiles . « » for combination navigation and automatic pilot systems in airlines 
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... for the only precision-built | { t +f) 





gyroscopes 


now in volume production 


The first units of floated rate-integrating, single-degree-of-freedom gyros began coming off the AC production lines in June of 1957. 

AC gyros are built to such precision standards that they can sense rates of rotation so slight that one revolution would take several years 
to complete. What's more, AC gyros have withstood as much as 5,000 to 7,000 consecutive hours of operation without significant loss of 
efficiency. Actual test information is available to qualified manufacturers. Immediate delivery of: 75 x 10®; 10 x 10% 2 x 105; 1 x 10%. 
—If you are an engineer and have an electrical, mechanical or electronic background and might be interested in working with AC in 
Milwaukee, write Mr. Cecil E. Sundeen, Supervisor of Technical Employment, Dept. G, 1925 E. Kenilworth, Milwaukee 1, Wisconsin, 
AC ... the Electronics Division of General Motors. 


Afterburner Fuel Controls « Bombing Navigational Computers « Emergency Fuel Controls « Gun-Bomb-Rocket Sights « Gyro-Accelerometers « Gyroscopes 
inertial Guidance Systems ¢ Manifold Air Pressure Regulators « Speed Sensitive Switches « Speed Sensors « Three-Way Selector Valves « Torquemeters 
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worth a certain price, deliverable at a 
certain date, before the manufacturer 
can afford to proceed with its detail 
design, tooling, purchasing and fabri- 
cation. 

Both parties understand that the 
definition, like the missile system, will 
be modified to reflect minor differences 
mutually satisfactory with the pro- 
vision that any such differences may 
affect price, performance or delivery. 
Contractor-prepared specifications 
comprise a firm foundation upon 
which to build a flexible but business- 
like final transaction. 

A secondary purpose of the mis- 
sile system specifications is to provide 
a clear description for proposal to a 
prospective customer. Here, the specifi- 
cations may be quite brief and in fact 
usually are brief because many of the 
design details have not yet been crystal- 
lized. For this purpose, too, the specifi- 
cations must stress the best features of 
the design in order to help perform a 
job of salesmanship. To this end a brief 
summary of the design features is often 
included near the beginning to catch 
the eye of top executives too busy to 
read all of the weapon system specifi- 
cations, and to avoid the necessity for 
reading a large amount of detail in 
order to get a mental picture of the 
salient features of the design. 

Another secondary purpose of the 
specifications is to provide either the 
directive or the basis for a more de- 
tailed directive from the manufac- 
turer's management to his designers. 
Too, they provide information to the 
manufacturer’s production, purchasing, 
inspection, testing and other depart- 
ments. 

The preparation of missile systems 
specifications requires that the writer 
coordinate the ideas of many different 
people who often have divergent opin- 
ions not so much as to what should be 
defined, but as to how it should be 
defined. The specifications engineer 
tries to obtain a definitive statement 
satisfactory to all these people and yet 
meet the basic requirements that it be 
brief, clear and accurate, protecting the 
interests of both the buyer and the 
seller. 

Another effect of the necessarily 
involved coordination is that the spec- 
ifications will quickly become out of 
date unless they are in a continuous 
process of revision. This is recognized 
by the specification writer as a situ- 
ation almost impossible to rectify com- 
pletely. Even while he is writing, the 
designer is working out problems with 
vendors and customers which will 
sooner or later lead to a different defi- 
nition. 

It takes time to calculate the effect 
of changes on weight and performance 
and more time to work these changed 
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weights and performance values into 
the specifications. The result is that the 
missile system specifications are not 
always up to date. But if it is recalled 
that the primary purpose of specifica- 
tions is to agree on a technical defi- 
nition for contractual purposes, it can 
be seen that complete and accurate 
specifications not quite up to date serve 
a better purpose than speedily devised 
specifications subject to omissions and 
errors due to haste in their preparation. 

Definition of detail specification 
requirements too early in a research 
and development program should be 
held in abeyance and procedures estab- 
lished to measure the functional quality 
of hardware. 

The primary specification prob- 
lems concern the approval system, de- 
fining specification terms, establishing 
a means to measure quality on a pro- 
gressive basis and recognizing that the 
R&D and production phases in modern 
weapon systems cannot be clearly sep- 
arated. 

In any case, a missile contractor 
must have a positive program for con- 
tinually preparing and revising his spec- 
ifications where military specifications 
and standards are not adequate to de- 
fine the equipment, test process, etc. 
The applicability of MIL specifications 
and standards can be more clearly de- 





fined in contractor-prepared specifica- 
tions as the program moves toward 
completion. Requirements in MIL spec- 
ifications and standards which cannot 
be met or are not applicable can be 
eliminated by judicious reference and 
definition in the contractor's specifica- 
tion. 

The weapon system specification 
is the top document in the specification 
hierarchy and includes performance 
objectives, logistic and operational con- 
cepts, and environmental, testing, fund- 
ing and training criteria. 

Beneath the weapon system spec- 
ification is a whole complex of specifi- 
cations, the most important of which 
are briefly identified below: 

Missile Specifications. A developmental- 
type specification is usually written first 
around performance requirements, de- 
velopment objectives, etc. As the pro- 
gram progresses, the production-type 
document can be approached with a 
firm detail model specification defining 
the item precisely. 

Subsystem Specifications. These specifi- 
cations define the major subsystem and 
are usually associated with the flight 
vehicle, e.g., the propulsion, guidance, 
flight control and electrical subsystems. 
Ground Support Equipment Specifica- 
tions. These specifications cover the 
entire ground support equipment area 





Temperature — Altitude — Humidity 
Self-Contained — Flexible 











Delivered ready to put in operation, this special walk-in test chamber requires only power 
and water connections to begin simulated flight testing of electronic components. 
Chambers like this can be built to simulate altitudes from sea level to 200,000 ft., 


and automatically program temperatures from 


—100° F. to +500°F. and relative 


humidities from 20% to 95% between 35° F. and 185° F. Whatever your requirements for 
environmental test equipment, consult American Research, designers and manufacturers of 
Altitude, Temperature, Humidity, Sand and Dust, Rain and Sunshine and other test facilities, 
including Liquid Chillers, and low temperature, high altitude cooling air simulation. 


IMERICN RISHARG CORPORATION 
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Jet Fuel Pump 
Relief Valves 


... designed and built to specifications 
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@ This dependable, high per- 
formance jet engine fuel pump 
relief valve is only one of many 
fuel and hydraulic control 
valves designed and built by 
Fluid Regulators for major 
aircraft accessories manufac- 
turers. 

Specialized knowledge of fluid 
power problems combined with 
broad experience in meeting 
the specific needs of the air- 
craft industry, enables Fluid 
Regulators to engineer and 
produce fluid control devices 
that will meet your most ex- 
acting requirements. 


Designers and 
Producers 
of Aircraft 

Hydraulic and 

Fuel Valves 


Typical Specifications: 


APPLICATION: 
Pilot Operated Relief Valve 
For Jet Fuel Pump 


MEDIA: 
Aircraft Fuels 


OPERATING PRESSURE: 
Externally Adjustable, 
500 to 1200 psi. 


CAPACITY: 
130 GPM 


TEMPERATURE RANGE: 
65° F. to + 250° F. 


MATERIAL: 
Wearing Parts, Made From 
Heat-Treated Stainless Steel 
Or Hard Coated Aluminum 


Fr er 


CORPORATION 


313 GILLETTE ST. + PAINESVILLE, OHIO 
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to include the performance objectives. 
planned utilization, a factory-to-launch 
analysis and tests of known equipment 
Component Specifications. These speci. 
fications are used to procure items re. 
quired to support the contractor's end 
item. 

Environmental Specification. This speci- 
fication defines both the air and ground 
environments and is based on criteria 
from the weapon system specification 
It normally contains the philosophy of 
testing, climatic extremes and a pres. 
entation of the testing equipment re 
quired. 

Test Specifications. These specifications 
are prepared by the contractor for 


testing individual components, subas. 
semblies and assemblies. They evolve 
from the environmental specification 


and the contractor’s experience permit- 
ting the buildup of testing procedures 
and equipment. 

Finish Specifications. Two finish specifi. 
cations should be prepared, one for 
flight equipment, the other for ground 
support equipment. It is in these docu- 
ments that critical finish problems in 
cident to a missile system can be re 
solved insofar as specification definition 
goes. 

Packaging and Preservation Specifica- 
tions. These specifications represent the 
contractor's evaluation of the overall 
storage of the missile system. 
Training Equipment Specifications. 
Equipment required to support the 
training program must be defined by 
specifications. 

Nonoperational Equipment Specifica- 
tions. Specifications must be prepared 
for equipment such as telemetering and 
instrumentation which are not specifi- 
cally parts of operational missile sys- 
tems. Separate specifications for these 
items are desirable to permit equip- 
ment definition of a purely strategic 
operational missile. 

On the other hand, the contractor 
must understand the government's 
philosophy under which specifications 
have been developed. The last thing the 
government wants to do is “hamstring” 
a contractor in his efforts to develop a 
new or better product. But at the same 
time the services have been charged 
by Congress with the responsibility of 
ensuring that a dollar’s worth of goods 
or services is received for every dollar 
of tax money spent. 

Specifications were born: in_ this 
type of atmosphere not to hinder the 
contractor, but to help Uncle Sam get 
his money’s worth. 

Ihe solution, of course, lies 
an orderly development of carefully 
prepared contractor specifications for 
the missile system and its major com- 
ponents. These documents are the best 
means by which the total system can 
be defined for contractual purposes. * 
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Recommendations from Industry: 


A New Ground Handling 
Systems Concept 


HE INCREASED SIZE and com- 

plexity of each new missile system 
is forcing the cost far beyond the wild- 
est dreams of the munitions manufac- 
turers of a decade ago. It is small con- 
solation to the fiscal expert, as he 
charts the course of the ballooning na- 
tional debt, or the average citizen, as 
he somberly notes his withholding tax 
deductions, that freedom, as we know 
it, must be paid for. 

The environment of a missile sys- 
tem plays a vital part in the weapon 
system complex and its overall cost. 
This is true whether the weapon sys- 
tem installation is fixed or mobile; land-, 
air- or shipboard-launched. Many of 
today’s missile systems are the fixed-in- 
stallation type, permanently installed in 
a specific location. The ground environ- 
ment for a _ fixed-installation system 
consists of all the facilities required to 
support the weapon complex with the 
exception of the missile itself. Our in- 
terest here lies primarily in the ground 
handling and launching equipment area 
of the total ground environment. 

The ground handling and launch- 
ing equipment associated with a fixed 
missile system is, in certain areas, 
unique and, in other areas, similar to the 
ground handling and launching equip- 
ment of other nonfixed systems. Gen- 
erally, however, it represents a much 
larger portion of the system cost than 
in other nonfixed systems. For this 
reason, we will consider the problems 
associated with a land-based, fixed-in- 
stallation missile system and the special- 
ized design criteria involved in produc- 
ing reliable and economical ground 
handling and launching equipment. 

Ground handling and launching 
equipment can best be defined as that 
equipment necessary to transport, 
handle, store, maintain and fire the 
missile. Under this definition, we can 
conveniently categorize the equipment 
for a fixed installation by the follow- 
ing areas: 

1) base facilities , 
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by W. R. Stumpe 


American Machine & Foundry Co. 





Fig. |—Protected hard shelter. 


2) transport and shipping 
3) handling 
4) servicing 
5) launching 


Basic Requirements 

Well-engineered and inexpensively 
produced equipment is the ultimate 
goal of the ground equipment engineer. 
It is unfortunately true that the devel- 
opment of handling and launching 
equipment has tended to lag behind the 
development of the missile and its elec- 
tronic equipment. 

One reason for this apparent lag 
is the inherent nature of the equipment. 
It is represented by launcher, dollies, 


trailers, shelters, etc., all items that 
represent everyday pieces of equip- 
ment. In most cases, there is no exten- 
sion of the art where ground handling 
and launching equipment is concerned, 
certainly not as represented by larger 
and more reliable missiles and more 
complex electronic systems. So it is 
perhaps only natural that the bulk of 
the concentration be placed on these 
more exciting aspects of missile system 
development. There is no quarrel with 
this philosophy, provided the position 
of ground handling and launching 
equipment in the overall picture is 
recognized and appreciated. 

There is no better framework for 
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Convair—and hundreds of other firms—use KIN TEL Closed Circuit TV 


When a job is tedious, difficult, or even impossible 


for men to watch...that’s when hundreds of lead- 


ing firms have called upon KIN TEL Closed Circuit 


Television to provide sharp, safe, errorless, fatigue- 


proof transmission of important data. 


These firms chose KIN TEL above all others be- 


cause KIN TEL’Ss basic Closed Circuit Tv system is 
adaptable to watch nearly every kind of opera- 
tion, under nearly every kind of condition. 


This basic system consists of compact TV cam. 
eras used with monitors (receivers) that feature 
better-than-broadcast quality reception. Con- 
nected by private cable circuits, the camera and 
monitor can be operated at great distances from 
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each other. Any number of cameras can be used 
to feed a central viewing position, or any number 


of monitors can be connected to the same camera. 


KIN TEL Offers these money-saving systems to 


industry at extremely low cost, or on a lease. 
purchase plan, and provides nationwide installa- 


tion and maintenance. 


For detailed information on how KIN TEL can be 
of help to your business, get in touch with your 
local KIN TEL representative, or write us direct. 


5725 Kearny Villa Road 
San Diego 11, California 
BRowning 7-6700 
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the development of good low-cost 
ground handling and launching equip- 
ment for a fixed installation than a 
complete operational and logistical 
plan. This plan precedes any actual de- 
sign effort, for it effectively sets the 
ground rules under which the ground 
equipment engineer operates. The plan, 
properly documented, defines for him 
the contemplated operation and support 
of the missile base. It tells how the base 
will be implemented; how shipment will 
be accomplished; how assembly is to 
be affected; how the missile will 
be stored, serviced, maintained and 
launched, and what caliber personnel 
will be available. 

An effective ground support plan 
reduces the possibility of false starts and 
wasted effort and makes possible the 
production of optimum equipment at 
minimum cost. 

The five categories of ground 
handling and launching equipment will 
serve as a basis for discussing some of 
the salient features of each area and 
provide a general orientation into the 
overall ground environment. 

Base Facilities 

Base facilities normally include 
only those facilities within the opera- 
tional area. Living and recreational 
areas are usually excluded. Some basic 
criteria must be established prior to the 
initiation of base design. One of the 
first is the question of “hard” versus 
“soft.” That is, will the base or any 
portion of it be capable of withstanding 
the effects of nuclear or thermonuclear 
explosion (hard) or will it be unable to 
withstand such an attack (soft)? The 
design criteria associated with each 
concept, of course, are quite different. 
Fig. | illustrates an artist's concept of 
what a “hard” launching area might 
look like. Protection against radiation, 
blast and heat effects necessitates spe- 
cially designed structures. To be truly 
“hard,” the base and the missile system 
itself must not only withstand the 
nuclear or thermonuclear explosion but 
must also be capable of operating im- 
mediately after an attack. 

A typical operating base might 
consist of a series of missile shelters to 
house missiles in ready storage, an as- 
sembly and maintenance hangar for 
assembly and repair and other asso- 
ciated support structures, such as con- 
trol blockhouse for fire control, maga- 
zine and fuel storage facilities, and the 
necessary utilities and communications. 

Land-area requirements are often 
a governing factor in base design. This 
can be especially true where a missile- 
system complex must be installed in 
already crowded surroundings. 

The total land area specified for 
a base installation is a function of the 
quantity-distance requirements. Quan- 
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Fig. 2—Blanket-type shelter. 


tity-distance involves the computation 
of equivalent amounts of high explosive 
contained in the missile and determina- 
tion of the separation distances in ac- 
cordance with applicable military speci- 
fications. The total area requirements, 
of course, can be varied, depending on 
the use of barricading, reinforced con- 
crete, etc., but there is normally an op- 
timum solution in which the cost of the 
land is balanced against the cost of ad- 
ditional structure. 

Construction implementation for 
the majority of the base facilities for 
any fixed installation is the responsi- 
bility of the U.S. Army Corps of Engi- 
neers, regardless of the operating serv- 
ice. In order to insure an orderly transi- 
tion from the weapon system contrac- 
tor to the Corps of Engineers, definitive 
drawings as well as site and utility 


schematics are supplied to the Corps. 
Detailed drawings and specifications for 
particular site locations become the 
responsibility of the Corps, with actual 
construction awarded and supervised 
through a district engineer office. 

A notable exception to this pro- 
cedure is often found in the missile 
shelter itself. This structure can become 
so specialized that its entire design and 
fabrication might best be handled by 
the weapon system contractor. This is 
especially true where the system is 
based on a concept involving individual 
shelters. In this case, the costs of the 
shelter and individual support equip- 
ment are generally substantial and a 
concerted effort must be made to apply 
unique engineering principles to struc- 
tural design in order to reduce costs. 

In our ground handling and 
launching equipment work at American 
Machine & Foundry Company, we have 
discovered the necessity for a separate 
architectural engineering group concen- 
trating on base facilities in general and 
missile shelters in particular. While 
such a group may seem out of place in 
an otherwise mechanical and electronic 
organization, missile shelter design 
lends itself readily to developmental 
techniques normally associated with 
other mechanical equipment. 

Five requirements stand out as 
being of primary importance in the 
definition of a Missile Shelter. These 
are 

1) Size of Missile to be sheltered. 

2) Whether or not the missile is 
to be hard protected. 

3) Whether or not it is to have 
reload capabilities. 

4) The nature of the launching 
attitude. 


5) The nature of the environmen- 

tal control required. : 

The ordinary concepts of quality 
in structures, which involve a long life 
with attendant durability, are not ap- 
plicable in missile shelter design. Since 
missile systems themselves have a high 
rate of obsolescence, a structure that 
will last 50 or so years is not in keep- 
ing with the design criteria of the 
system. 

A missile shelter for a fixed sys- 
tem will normally be dormant for a 
period of years, with periodic check- 
outs the only requirement. If and when 
the missile system must become op- 
erational, the missile shelter must flare 
into life for a short period of time. 
Therefore, although economy is always 
an important design influence, future 
operational reliability must be con- 
sidered a basse requirement for good 
missile shelter design. 

Most of the shelters designed to- 
day are of the “soft” construction type. 
Four distinct types of “soft” design 
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Fig. 3—Inflatable-type shelter. 


deserve specific description. These types 
are: 

1) Blanket 

2) Inflatable 

3) Nonstructural skin 

4) Structural skin 


Blanket (Fig. 2) 

The blanket shelter is not a struc- 
ture in the normal sense of the word, 
since it can be designed to accomplish 
the protection required of any sup- 
porting structure for the cover which 
is held in place by guy lines. 

In a horizontal storage applica- 
tion, a blanket draped over the missile 
is easily slid off prior to erection for 
firing. For vertical storage, the blanket 
removal is somewhat more of a prob- 





lem. One unique solution is to fabri- 
cate the blanket in sections tied to- 
gether with frangible connections. The 
missile can then actually fly through 
the shelter at launch. 

While the cost of the blanket type 
of protection is low, its use is definitely 
limited by its relatively short service 
life and small degree of protection af- 
forded. Protection is basically against 
rain, dust and sun. If environmental 
control, personnel shelter or multiple 
sheltering is a requirement of the par- 
ticular missile system, the blanket type 
is unsatisfactory. In short, only where 
the blanket type offers all the protec- 
tion needed should it be considered. 


Inflatable (Fig. 3) 

Air-inflatable structures are a 
promising new development in missile 
shelter art. Such structures came into 
existence as a result of a military de- 
mand for a_ lightweight, all-weather 
protective cover for radar antennas. 
The air-supported radome is a coated 
fabric envelope supported by maintain- 
ing a small differential pressure within 
the unit. This type of structure has 
been in service for more than six years 
and has survived under the severest 
weather conditions. 

The inflatable-type structure uti- 
lizes a plastic or fabric material and is 
easily erected by unskilled personnel. 
Conventional footings are eliminated 
by anchoring the fabric along its periph- 
ery. Icing can be eliminated by pul- 
sating the blower to accomplish an ef- 
fect similar to that of an airplane wind 
de-icer. 

For horizontal missile storage, the 
inflatable structure, although competi- 
tive, does not offer much economic ad- 
vantage over light weight conventional 
construction. However, when vertical 
storage is considered, with a dimension 
considerably greater than that of the 





Fig. 4—Missile transporter. 
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base, the inflatable structure is a good 
solution and, in some cases, the only 
practical one. A conventional framed 
structure higher than 50 feet is ex- 
pensive because of the structural re- 
quirements created by wind and ice 
loads. 

The inflatable structure is also 
limited as to service life and versatility 
in meeting special requirements. Holes 
in the skin, for example, can put ex- 
cessive demands on the blower and, if 
large enough, can cause collapse. How- 
ever, environmental control and per- 
sonnel sheltering are possible with the 
inflatable type. As our knowledge of 
inflatable structures increases, future 





Fig. 5—BOMARC launcher 


increased use of this technique seems 
assured. 


Nonstructural Skin 

The nonstructural skin-type shelter 
makes use of conventional architectural 
principles of post and lintel, truss and 
arch. Structures of this type have been 
in use for centuries and certain types 
are so standardized that they can be 
inexpensively produced and 
Progress in this area has been primarily 
in greater standardization of compo- 
nents, more efficient fabrication and 
the use of novel construction materials 


erected. 


Structures of this type have maxi- 
mum versatility for meeting special re- 
quirements. Since they have a _ long 
history of successful use, the architec- 
ture and construction industries are 
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HIGH FLYING 


FORGINGS 


KEY TO 
FORGINGS SHOWN: 


1. Missile Ring Splice... 
Aluminum — 54 Ibs. 
20 inches 


. Missile Rib... 
Titanium — 95 Ibs. 


98.50 inches 


. Missile Fin . 
Aluminum 8 Ibs. 
30 inches 


. Accumulator... 


Aluminum — 282 Ibs. 
30 inches 


. Spar Fin... 
Aluminum — 65 Ibs. 


59 inches 
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I, the Jet — Missile — Rocket Age, dependable 
forgings by Wyman-Gordon are meeting the chal- 
lenge of progress. Whether for Defense or in the in- 
terest of Satellite Science, there is no substitute for 
Wyman-Gordon quality, experience and know-how. 


WYMAN-GORDON COMPANY 


Established 1883 
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ST Pe A POOPED | Te Ps ni a 


AT ELEVATED 
TEMPERATURES 


x orque BOLTS 


in *SUPERALLOYS retain their superior strength and 
endurance. 


Research Engineers in Hi-Shear laboratories are continually 
engaged in the high temperature evaluation of Hi-Torque Bolts 
manufactured from new alloys. Extensive tests and analyses have 
made possible the production of Hi-Torque Bolts in a variety of 
superalloys for aircraft and missile applications where superior 
strength and endurance at elevated temperatures are essential. 


The Hi-Torque design is a NAS Standard. Bolts in all diameters 
feature excellent “head to thread” balance, close recess tolerance 
control, tension allowables comparable to internal wrenching bolts 
without the attendant weight penalty, and a recess which may be 
machined into any steel or alloy. The Hi-Torque recess is of self- 
locking design and increased torque increases the driver locking 
action thereby eliminating axial loads and accidental driver slip- 
page. This recess always provides positive removal. 


%€ Superalloys such as A-286, Inconel X, S-816, M-352, J-1570, 


and Haynes 25 are available in the Hi-Torque configuration. Pre- 
cipitation hardening stainless steels — AM 350, 17-4PH and AM 
355 —are also available. Write for Hi-Torque Bolt Brochure. 


Vie RIVET TOOL COMPANY 


2600 WEST 247TH STREET * TORRANCE * CALIFORNIA 
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familiar with their design and con. 
struction. The prime limiting factor js 
their cost, which generally far exceeds 
the other types considered. 


Structural Skin 


The structural skin type shelter, 
which overcomes the economic disad- 
vantages of the nonstructural skin-type 
shelter while still retaining its main 


| advantages, has recently come into 
| prominence. It involves the use of a 
| structural skin embodying the support- 


ing framework. 

The egg shell and sea shell are 
common natural manifestations of this 
principle. Its primary advantages over 
the nonstructural skin-type are: sim- 
plicity, increased usable volume be. 
cause of the elimination of framing 
and the suitability of mass-production 
techniques, since the components are 
few in types. Plastic, thin concrete and 
corrugated steel have all been used in 
structures of this type. 

The cost of this type of structure, 
in its erected form, is usually sub- 
stantially less than a _ conventional 
framed, nonstructural skin-type. A 
number of commercial buildings of this 
type have been erected over the last 
years. It appears to be one of the most 
interesting mew techniques available 
for shelter design. 

All the shelter types discussed 
above have been of the “soft” or un- 
protected, type. “Hard” protection is a 
new and highly complex field of study 
which is currently being explored in 
connection with some programs. Major 
problems are encountered in many 
areas. Among these are site location, 
disposal of blast, resistance to exten- 
sive ground shock and resistance to 
nuclear blast, thermal effects and radia- 
tion. At the present writing, the under- 
ground installation still appears to be 
the most feasible solution to the “hard” 
protection problem. 


Transport and Shipping Equipment 


Included in the broad category of 
transport and shipping equipment are 
such items as containers, missile trans- 
porters, shipping stands and air trans- 


| port equipment. The quantity and ex- 


tent of this type of equipment will de- 
pend to a large extent upon the sup- 
port plan for the base installation. The 
implementation phase will require the 
greatest use of transport equipment. 
The method of transportation dur- 
ing this phase will determine whether 
special containers are required or 
whether simple shipping stands will 
suffice. Air transportation during the 
implementation phase is a logical mode 
of transportation because the missile 


| can be shipped in an assembled or 
| partially assembled condition directly 


from the production facility on light- 
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Auxiliary 
Power Systems 


Liquid and Solid 
Propellant 
Gas Generators 


Turbines, Pumps, 
Gearboxes, 
Controls 


Brushless 
Alternators 


Electrical 
Components 


Ground Support 
Equipment 
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experience in the development and manufacture of 
turbo- and electrical machinery for airborne vehicles—an 
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Aerojet offers excellent opportunities in the turbo-machinery field. Resumes invited. 








weight shipping stands. 

From the standpoint of economy 
and speed, air transport is generally 
the best method of shipping to scat- 
tered missile bases. The type and size 
of transport aircraft prescribed by the 
Air Force will help determine shipping 
stand design. 

Once the implementation phase is 
completed, shipment is reduced to re- 
placement missiles and components. 
Containers are then required for ship- 
ment of components and for protective 
storage at the using end. Great strides 
have been made in container design for 
guided missile components in the past 
few years, especially in the area of 
shock mountings. Larger and heavier 
components with tight shock loading, 
vibration and environmental require- 
ments have led to many new develop- 
ments in this field. 

While the technical problems in- 
volved in physically protecting the mis- 
sile component in its container are of 
primary importance, the fact that each 





directly as an installation fixture. This 
eliminates any intermediate handling 
to additional pieces of support equip- 
ment. 

A combination of container and 
transporter is another useful technique 
where highway transportation is to be 
used to any extent. By mounting bogies 
on the container, it can be transformed 
to a roadable item which can be towed 
by a standard vehicle. 


Handling Equipment 

Handling equipment may exhibit 
a number of different sizes and shapes, 
due to the great variety of tasks it 
must perform. At one time or another 
during the implementation and oper- 
ational phases, the entire missile and 
most of its components must be han- 
dled within the base. The handling 
operation may involve an activity rang- 
ing from a simple manual task to a 
large complex operation requiring sev- 
eral pieces of support equipment. 

Whether handling is done from 


Fig. 6—Launcher. 


component must be handled from the 
container, or inspected and maintained 
within the container, creates additional 
design difficulties. The shell surround- 
ing the shock-mount system will then 
depend upon the basic storage and 
handling requirements, with varieties 
such as palletized, end-opening and 
coffin designed to specifically accom- 
modate the particular handling require- 
ments. 

Costs of transport and shipping 
equipment can be minimized by em- 
ploying multiplicity of design where 
possible. One useful technique em- 
ployed extensively with airframe sur- 
faces is to utilize the shipping container 
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“underneath” by dollies and trailers or 
from “overhead” by cranes is depend- 
ent upon the type of operation to be 
performed. For precise transfer during 
assembly and disassembly operations, 
it is usually advantageous to use over- 
head handling since the provision of 
the six degrees of freedom, already in- 
herent in this method, would require 
elaborate mechanism in a dolly. Dollies 
and other underneath handling equip- 
ment are superior to overhead cranes 


when mobility, support and temporary 








storage are of paramount importance. | 


A happy compromise between the 
two systems is illustrated in Fig. 4. 
This illustration shows a missile trailer 
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Unique among air-breathing engines, 
the ramjet cannot run independently 
on the ground. Because ramjets depend 
on their velocity through surrounding 
air masses for compression of combus- 
tion air, intricate test facilities must be 
provided. 

Marquardt Jet Laboratory simulates 
these high-speed, high-altitude flight 
conditions during ground testing. A 
USAF facility, combined with special 
USN test facilities, MJL is one of the 
most extensive in existence today. 
Valued at $18 million and occupying 8 
acres of land, this dynamically fune- 
tional engineering tool minimizes the 
number of costly trial and error flights 
of new engines. 

Complex test cells, with associated 
instrumentation and computers, per- 
mit sea-level and altitude testing of 
full size and test-scale models. In our 
two sea-level test cells, high pressure 
air is directed over the test engine 
through subsonic, sonic, and supersonic 
nozzles, and exhausted to the atmos- 
phere. Turbojets are ingeniously uti- 
lized in two full scale engine altitude 
test chambers to simulate heated and 
rarefied air conditions encountered by 
high-flying supersonic ramjets. 

Special configurations in both sea- 
level and altitude cells permit angular 
motion of the free jet nozzles. This 
allows evaluation of the effects of vary- 
ing angles of attack likely to be en- 
countered by operational engines. 

A new production acceptance test 
facility now being built in conjunction 
with our Ogden production plant will 
greatly supplement the up-to-the- 
minute equipment furnished the Mar- 
quardt Test Team. 

Within this Division, engineering 

openings exist for: 
MECHANICAL ENGINEERS AEROTHERMO ENGINEERS 
ELEcTRICAL ENGINEERS CONSTRUCTION ENGINEERS 
For information about these positions 
and the professional engineering en- 
vironment at Marquardt, we invite you 
to write Jim Dale, Professional Per- 
sonnel, today. 























Marquardt Means Opportunity — Test 
engineers no longer need feel grounded by the lack of 
stimulating projects. At Marquardt Aircraft, the com- 
pany where an ENGINEER/BARRIER* has never existed, 
your work will span a broad range of supersonic 
propulsion problems. Look to your future by looking to 
Marquardt, today. Address your inquiries to Jim Dale, 
P rofessional Personnel, 


16552 Saticoy Street, marquardt .. AIRCRAFT C 


Van Nuys, California. —- 


VAN NL 


Pictured above: Leigh Dunn, Chief Engineer, Test Sub-Division 








922 West Hyde Park Boulevard, Inglewood 3, California 
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STAINLESS STEEL 
AN FITTINGS | 


Shipping NOW !.. . has never been a problem with 
Airdrome Parts Co. We always have on hand a 
complete stock of Stainless Steel AN Fittings, 
ready for immediate shipment. 


Naturally, our fittings meet all military 
specifications. 

We can also give you fast service on custom 
fittings. 

If you want your shipment to start NOW’! call, 
write or wire... 
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which can transport an assembled muis- 
sile within the base area, while support- 
ing it from underneath. During trans- 
fer of the missile to a launcher, precise 


| accuracy can be through the use of 
| the overhead crane system. 


The design of handling equipment 
is by no means an easy task. To ac- 
complish operational simplicity often 
requires a precise design effort. Su- 
perior human engineering details often 
make the difference between an aver- 
age and an excellent item of equip- 
ment. 

Handwheel effort, mobility and 
accessibility are a few of the areas re- 
quiring special consideration if the cost 
of the equipment produced is to be 
justified. We know from past experi- 


| ence that, when handling equipment is 


unwieldy and difficult to use, field per- 
sonnel will often invent an easier way 
to do the same job. 


Servicing Equipment 

The complexities of the missile 
will, to a large extent, determine the 
amount and type of servicing equip- 
ment involved. The majority of our 
fixed installation missiles are of the 
liquid-propellant variety, some using 
as many as five different types of fuel. 
Add to this the requirements for oil, 
ammonia, helium, air and nitrogen, and 
one has a better picture as to the ex- 
tent of servicing equipment which may 
be needed. This equipment may be 
either fixed or mobile depending 
usually on whether the particular is 
fueled prior to entering a ready storage 
condition or just prior to launching 
erected position. 

The major fueling problem area 
is in the transfer of the required 
amount of fuel into the missile within 
determined tolerances, some of which 
may be as close as + 0.1% by weight. 
The fuel transfer tolerances are crit- 
ical, since an incorrect amount of fuel 
can greatly affect planned missile tra- 
jectory, maneuverability and range. 
This is especially true in a_ ballistic 
missile where there is no external guid- 
ance after launch. 

Direct-weighing fuel-transfer sys- 
tems are preferable to volumetric sys- 
tems, since in any volumetric measur- 
ing system, a correction must be made 
for the change in density of the fluid. 
In a direct-weighing system, the meas- 
ured weight is independent of tempera- 
ture variations. 

In one piece of mobile fueling 
equipment which uses a direct weigh- 
ing system for the transfer of nitric 
acid, a spherical tank (to eliminate c. g. 
shifts) is supported by three cables. 
In one of the cables is mounted a 
force ring which measures the effective 
change in length of the cable as fuel 
is added or withdrawn. An electronic 


missiles and rockets 
























































WEAPON SYSTEMS by Vitra 


116 


ViTRO CORPORATION OF AMERICA has built an outstanding per- 
formance record in weapon systems development for the Navy’s new 
guided missile ships, now on guard around the clock. Vitro has done 
systems engineering for every one of the guided missile ships and has 
designed installations of launching and handling systems for the 
Navy’s Terrier, Tartar and Talos and the Army’s Hawk missiles. 
Systems engineering techniques, pioneered by Vitro, are standard 
operating procedure for installation and maintenance of Navy missiles. 


Vitro has important ordnance system contracts with Army, Navy 
and Air Force plus contracts for sub-systems and components. It is 
engaged in electronics manufacture, aircraft components development 
and manufacturing, and research and development in physics, chem- 
istry, electronics, aerodynamics, ceramics, metallurgy, hydrodynamics, 
cybernetics, nucleonics and acoustics. 


Whether the need is for operations research, long-range studies, 
components, sub-systems or complete weapon systems, Vitro experi- 
ence assures top performance. A new brochure 
describes Vitro’s weapon systems capabilities. 


- 
"LTO CORPORATION of AMERICA 
261 Madison Ave., New York 16, N.Y. 





@ Research, development, weapon systems “Ss Thorium, rare earths, and heavy minerals 
4 Nuclear and process engineering, design © Recovery of rare metals and fine chemicals 
A Refinery engineering, design, construction Ay hircratt components and ordnance systems 
6% Uranium mining, milling, and processing €> Ceramic colors, pigments, and chemicals 
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package converts this force ring signal 
to a direct-weight measurement which 
permits the operator to dial directly 
the amount of fuel to be added or 
withdrawn. 

Missiles that are fueled just prior 
to launching present an added difficulty 
in that fuel must be transferred within 
a specific time period. For the longer- 
range missiles, this time specification 
necessitates extremely high flow rates 
and, in addition, automatic fueling 
connectors. Extreme care must be ex- 
ercised in the design of all fuel fittings 
and in the overall techniques of mis- 
sile fueling to insure rapid and positive 
shut-off, since the combination of some 
fuels creates a hypergolic mixture. 

Over and above the problems con- 
nected with actual fuel transfer, the 
problems of defueling, purging, and de- 
contamination must also be considered, 
since many missiles must be period- 
ically recycled for maintenance after 
being in a fueled condition. 

Fixed systems to supply the neces- 
Sary gases, such as air, ammonia, heli- 
um and nitrogen, are usually prefer 
able, since the supply of these gases is 
usually a continuing process through 
a storage system. Connections to the 
missile are provided through the um- 
bilical system. Multiplexing of service 
lines allows a centralized service sys 
tem for an economic operation 


Launching Equipment 


While all the other areas of ground 
handling and launching equipment con- 
tribute greatly to the over-all support 
effort, it is the responsibility of the 
launching equipment to culminate a 
successful takeoff. As we have seen 
ready-made items of equipment can be 
used in the other support areas, but 
the launching equipment must be tailor 
made. Its design will be affected not 
only by the missile characteristics, but 
also by the specific handling, transfer 
and storage plan. 

For example, a rapid reloading 
launcher, such as required for one mis 
sile system worked on by the Amer 
ican Machine & Foundry Co., is a 
highly complex piece of precision ma 
chinery which must perform a number 
of tasks during a period of only a few 
seconds. This launcher type, as illus 
trated in Fig. 5, must receive a missile 
from storage, make umbilical connec 
tions for continuous monitoring, elevate 
and traverse to a pre-selected position 
for firing within an accuracy of a few 
miles; all automatically. 

On the other hand, a single-shot 
launcher such as used for the Bomar 
missile, exhibits an entirely different 
configuration, as shown in Fig. 6 
Design of this launcher must be closel) 
coordinated with the handling and 
transfer scheme, since the missile must 
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be brought to the shelter and trans- 
ferred from a transporter to the 
launcher. The operation of erecting the 
missile to the vertical position from 
launch appears simple enough at first 
glance. However, when one considers 
time-cycle requirements, umbilical 
ejection, boom retraction, wind load- 
ings, etc., the design increases greatly 
in complexity. The time requirements 
of the launching cycle must be met 
even with a maximum wind condition 
opposing erection. Under opposite con- 
ditions, when the wind aids erection, 
a maximum acceleration cannot be ex- 
ceeded. 

In addition, this launcher must be 
capable of supporting the missile in 
maximum wind conditions and retriev- 
ing a missile in the event of malfunc- 
tion or mission cancellation. To ac- 
complish wind restraint four forged 
aluminum arms, which are triggered 
open at first motion, support the mis- 
sile against the overturning wind 
moment. 


Recommendations 

What are some of the possible 
areas for improvement and increased 
economy in future ground handling 
and launching equipment projects? 


There are many, but some of the more | 


important ones are: 

1) Appointment of a_ single 
ground support system manager 
who is responsible for the entire 
program, thereby avoiding any 
conflict between the various areas 
of effort. 

2) Initiation of the ground han- 
dling and launching program early 
in the overall weapon system de- 
velopment so that “inputs” can be 
made to the missile design to sim- 
plify the ground support effort. 

3) Evaluation of a complete and 
detailed ground support plan prior 
to the start of any design effort, 
so that the types, numbers and 
specifications of equipment are 
determined prior to the ground 
support development program. 

4) Greatest possible use of mili- 
tary and commercial standardized, 
off-the-shelf support equipment so 
that the overall development effort 
is reduced and the total military 
inventory is minimized. 

5) Overall coordination be- 
tween all missile programs to in- 
sure maximum integration of the 
support equipment requirements. 

The defense program today is 

under a greater budgetary scrutiny than 
at any time since before World War 
Il. National security imposes a heavy 
drain on the country’s economy and it 
must be kept within reasonable limits 
to insure the continuance of develop- 
mental progress.* 
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We make the earth 
Stand still 





This precise sidereal rate 
table so accurately coun- 
ters the earth's rotational 
rate that the test platform 
in effect stands still in 
space. A primary standard 
for testing navigational 
systems and components, 


this sidereal table is only 
one of a series of direct 
and servo driven rate 
tables available. 


Foremost in the field of 
range instrumentation, 
Fecker offers missile track- 
ing telescopes, special 
cameras, photo-theodo- 
lites and complete syn- 
chronizing and control 


systems. 

For additional information 
or assistance with any spe- 
cial problem simply write. 





j. w. fecker, Inc. 


A Subsidiary of AMERICAN OPTICAL COMPANY 





6592 HAMILTON AVENUE ¢ PITTSBURGH 6, PA. 
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REFRASIL REINFORCED PLASTIC 
for high temperatures to AND HIGHER! 





ASTROLITE ... a remarkable new high temperature 
material for Rocket and Missile insulation applications! 


Out of HITCO’s high temperature laboratories comes ASTROLITE...a Reffasil-reinforced plastic with 
impressive resistance to extremely high temperatures. 


The excellent thermal shock characteristics and other outstanding physical properties of ASTROLITE make 
it an ideal insulation material to aid in Man’s successful exploration of Space. 


ASTROLITE is already proposed for use as liners for rocket engines and nozzles, nose cones for Interconti- 
nental Ballistic Missiles and heat shields to protect critical components. 


Complete technical data and dramatic proof of ASTROLITE’s remarkable resistance to extremely high 
temperatures to 5000°F. and higher ...is yours for the asking. Write to Director of Research. 


co H. |. THOMPSON FIBER GLASS C0. FREE NEW CHART! 
in (0 1733 Cordova St., Los Angeles 7, Calif. to ssniions i. see 
Phone REpublic 3-916] high temperature insulation 
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REFRASIL BLANKETS THERMO-COUSTI THOMPSOglas REINFORCED PLASTICS 


YOUR NEAREST H!ITCO REPRESENTATIVE: EASTERN: Tom Kimberly, 38 Crescent Circle, Cheshir E a , 6544 © MIDWEST: Bur 
eet, Indianapolis 22, Ind., WA 5-8685. © SOUTHWEST: Marshal! Morr 3515 vert Ay J Fort W b Tex WA B09 * NORTHWEST: 
° Seattle, Wash., MOhawk 9311 © CANADIAN PLANT: THE H. 1. THOMPSON CO. OF CANADA LT T 
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How Feasible Are 
ELECTRICAL Drives for 
Missile Support Equipment? 


HE TYPICAL missile weapon sys- 

tem includes a number of applica- 
tions for industrial-type rotating elec- 
trical equipment. Among these applica- 
tions are electric drive systems for han- 
dling and launching mechanisms, elec- 
tric drive systems for radar antenna or 
director systems and ground auxiliary 
electric power for preflight checkout 
of the missile itself. Direct current 
equipment is most often used for the 
above applications due to the require- 
ments of speed control, reversibility 
and accuracy. 

Missile handling and launching 
systems will differ depending on the 
particular weapon system. When ele- 
vation and train motion are required 
and electric drives are used, the sys- 
tem will consist of geared dc motors 
driven by a motor generator set or 
a motor amplidyne set coupled with 
some form of positioning control. 
Other simpler handling methods might 
involve crane motors or electric truck 
units. 

Most missiles, again depending 
on the systems concept, require some 
form of antenna-type tracker or 
director. The requirements for extreme 
precision in this application have been 
met almost universally by _ electric 
drives. These have included permanent 
magnet-geared motors and direct-drive 
motors with conversion power being 
supplied from some form of high-gain 
precision generator such as the Am- 
plidyne. 

Another major application for ro- 
tating equipment, its extent and nature 
again depending on the system con- 
cept, is in the magazine. It is the func- 
tion of the magazine drives to select 
and deliver the desired missile to the 
launching site. Such drives usually in- 
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clude some combination of traverse, 
hoist and load motions with motors, 
conversion equipment and appropriate 
control means for each motion. 


by K. W. Carlson and W. E. Gray 


General Electric Co. 


provide 


the auxiliary 


During the preflight checkout of 
a missile and during its ready period 
(similar to aircraft) the practice is to 
electric power 
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Direct current motor and generator depart- 


ment equipment for application to missile programs. 
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Table | important specifications. The _ first 
column shows the important charac- 

i. oo tae a Maggeine teristics of electrical machines while 

the other columns indicate typical re- 

1. Power and Match airborne Excess rating Excess rating to Usually nominal i nts he vari rpes of 
voltage rating generator to provide provide high forcing with hy peak » wrebeapes ‘ for the ’ artous type 

high forcing capacities drives used in a missile system. 

2. Speed of Usually not Moderately High system response Moderately A comparison of application re- 
response severe significant essential significant ‘ : . . 
(electrical & quirements with the inherent capabili- 
- capers - te ate ties of various drives as shown in 

3. Power gain ot important jerately H e desirable Moderate! : ~ : 

® significant + A © equipment Gealicedt” Table II makes it clear that there is 

4. Reversibility Not required Yes Yes Yes a reasonably clear choice for such 

5. Duty cycle Usually not Moderate Frequent high peaks Severe drives as radar antenna, whereas 

severe considerable option is open to the cus- 

6. Reliability Important Essential Essential Essential tomer in drives such as used in a 

7. eran + Regular Regular Limited to regular Regular magazine. To better understand this 
capa es - —~ 2 . . 

8. Size Secondary unless Major for Major for motors— Secondary equipment, t = of interest to discuss 

air transportable © motor—Minor Minor for conversion certain electrical drives which General 
—r Electric has furnished for missile sys- 
9. Welght Secondary unless y= only Important only as it Secondary tems. 
air transportable as it affects affects speed of response : . . . 
speed of response or ship stability - ; Fig. 2 shows a simplified block 

10. Hazard (Usually of diagram of an electric drive system. 
potential concern only for The degree of accuracy required is re- 

shipboard use) . 
lated to the gain or power amplifica- 











Missile System Ground Equipment Drive Rrequirements 


from a ground unit rather than from 
the auxiliary power system on board 
the missile. Engine- or motor-driven 
generator sets are commonly used to 
supply such power. 

The schematic diagram, Fig. 1, 
illustrates in simplified form the nature 
of the drives just described. The elec- 
tric motors used as prime movers in 
these applications are almost always 
dc type to provide the response and 
controllability needed. They may have 
permanent magnet or electromagnetic 
fields, may be shunt or compound 
wound, may include compensating 
windings to improve torque per am- 
pere linearity, and may operate at very 
slow or very high rotational speeds. 

The conversion equipment for 
these dc motors may be more or less 





Fig. 3: Slow speed motor. 


standard dc generators with associated 
control, they may be of the packaged 
type where the control and conversion 
equipment is located within a single 
cabinet, the generators may be com- 
pensated to provide special charac- 
teristics, or the generators may be 
of the high-power gain and high-speed- 
of-response type such as the Am- 
plidyne. Power reactor-rectifier static 
systems or tube-type conversion units 
may also be used. With the many types 
of electric drives and the limitless 
number of electrical characteristics 
which can be supplied, it becomes 
desirable to provide a means for dis- 
cerning which type is needed for a par- 
ticular application. Table 1, while ad- 
mittedly generalizing in a number of 
areas, provides help in determing the 





Fig. 4: Compensated motor. 


tion of the control, but the control 
requirements can be simplified by pro- 
viding a high-gain generator to supply 
the dc drive motor. Particular motor 
and conversion equipment parameters 
are designed to meet such application 
requirements. An amplidyne control 
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Fig. 2: Simplified block diagram of electric 
drive system. 


system such as shown in Table II can 
result in amplification up to 22,000:1, 
thus obtaining excellent accuracy even 
with the smallest input signal. 

As one example, General Electric 
has supplied equipment for a great 
variety of antenna drives. These have 
been both direct driven with slow 
speed motors and geared drives using 
either compensated motors or con- 
ventional dc motors. In the case of 
the direct drive unit a special slow 
speed motor, as shown in Fig. 3, was 
developed having an equivalent speed 
rating of 3 to 5 rpm. The obvious 
advantage of this method is to reduce 
error due to gear backlash while re- 
taining the fast response necessary. 
In Fig. 4, a compensated motor is 
shown which retains high accuracy 
over a high range of peak torques. 
Both direct and gear-driven units use 
the Amplidyne in a motor generator 
set as a source of high power gain, 
fast response controlled power. A 
typical unit is shown in Fig. 5. Am- 
plidynes, which have had wide usage 
in many industries, are basically ro- 
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reat advances in design... 









NEED THE ADVANCEMENT IN 
WEAR RESISTANCE PROVIDED BY 





FLAME-PLATING BY LInDE 





Lockheed’s F-104A Starfighter, newest weapon of 
the Air Force, is the most advanced airplane of 
its type. To give them the greatest possible resist- 
ance to extreme conditions, bearing surfaces (ar- 
rows) of hot air valves used in the F-104A are 
Flame-Plated with tungsten carbide. Flame-Plat- 
ing prov ides the wear-resistant coating needed to 
withstand the high unit loading and temperature 
extremes jet plane parts undergo. 


Stratospheric altitudes . . . supersonic 
speeds ... extreme temperatures subject 
jet plane parts to almost incredible 
conditions of heat and abrasion. To assure 
perfect operation in all circumstances, bearings 
of hot air valves in the Starfighter are Flame-Plated. 
A tungsten carbide coating, applied by LINDE’s 
unique method, is the only material tried that 
successfully eliminated galling and provided a low ‘ . \ 
coefficient of friction over the required service life of the part. 7 ’ ‘ 
With the part Flame-Plated, practically no wear occurred. \ \ \ 
This LINDE process is now a regular production procedure. 

Flame-Plating is LINDE’s special process for protecting metal 
parts from wear, abrasion, and fretting corrosion. Tiny particles . 
of tungsten carbide or aluminum oxide are literally blasted onto 
the metal surface. Since the temperature of the part being coated 
seldom exceeds 400 degrees F., there is little or no risk of changes \ 
in its shape or metallurgical properties. Flame-Plated coatings \ 
can be applied from .002 to .010 inches thick, and used as ) 
coated or finished to 0.5 microinches rms. Practically all metals 
ean be Flame-Plated — aluminum, magnesium, molybdenum, TRADE-MARK 
titanium as well as copper and steel. 


Your own design may be improved by Flame-Plating. Find out 
how, by writing for a copy of the booklet “Flame-Plating.” F8065. 
Address Flame-Plating, Dept. M-1. Linpe Company, Division of 
Union Carbide Corporation, 30 East 42nd Street, New York 17, N. Y. 

The terms “Linde” and “Union Carbide” 


In Canada: Linde Company, Division of Union Carbide Canada Limited. are registered trade-marks of Union Carbide Corporation. 
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Table Il: Electric Drive Capabilities 


DC Machines 





Component & Equipments 
of Electric Drives 


Features & Characteristics 





A. AC motor drive 


(for comparison purposes) 


8B. DC motors & generators 


C. Compensated dc motors 


and generators 


D. Amplidyne 


(rotating power amplifier) 


E. Direct drive motor 


(slow speed) 


F. Energizer 


G. Battery truck motors 


Provides a single speed, only, in conventional form 
Used where constant speed motion without close 
control is required 


. Can operate from ac power lines usually available 
. Least expensive 


. Available in a wide variety of arrangements where 


adjustable speed and control are required 


. Provides such features as versatility, controllability, 


speed and torque controi, positioning, reversibility, 
accept pumpback or regeneration, dynamic braking, etc 


. More expensive than ac unless adjustable speed and 


controllability are required 


. Requires de generator or other conversion unit to 


supply dc to motor 


. Provides all advantages of dc system plus: 
. Extended linear torque per ampere characteristic 


and lower armature inductance giving: 
a. faster response 
b. greater overload capacity 
c. improved controllability 


. More expensive than conventional dc except where 


high performance is required 


. A special form of dc generator or exciter 
. High internal power gain (as much as 200 times 


that of conventional generators) 


. Permits use of very low power level for input signa! 
. Much lower time constant than conventional 


rotating equipment 


. Circuit design and stabilization much simpler than 


most other types of amplifiers 


. Completely reversible output. Will accept pumpback 


or regeneration power 


. More expensive except where precision control 


is required 


. May be used with conventional, compensated, or 


direct drive motor 


. Provides all advantages of de system plus: 
. Precisely controlled output speed of 10 rpm or less 
. Elimination of gearing giving higher accuracy, 


lower maintenance 


. More expensive but used where extreme precision 


is @ must 


. May be ac or de 
. Wide range of equipment types and outputs to 


match job requirements 


. For de systems, particularly constant voltage 

. For low voltage applications 

. Smaller size than conventional for a given rating 
. Usually less expensive than conventional! 


Missile System 
Application 


Antenna drive motors 
Loader drive motors 

Launcher drive motors 
Handling drive motors 


Antenna drive motors 
Loader drive motors 
Launcher drive motors 


Motor armature supply: 
Antenna drives 
Loader drives 
Launcher drives 

Motor or generator field 

supply: 
Loader drives 
Handling equipment 


Antenna drive motor 
Launcher drive motor 


Auxiliary power supplies 
Heating and “ready” 
supplies 


Loader drive motor 
Handling equipment 


Typical 
Ratings 


Fractional to 1000 hp 
100 to 4000 rpm 
All voltages to 600 volts 


| to 500 hp, 400 to 5000 
rpm 
80 to 400v, constant torque 
per ampere up to 500% 
load 


Fractional to 40 kw, 1200 
to 3600 rpm 

60 to 500v, .05 to 2 sec 
response gain—2000:! to 
22000: | 


0 to 8 rpm, 50 to 150v 
Rated torques up to 750 
ib. ft. 

Peak torques up to 2500 
Ib. ft 


265/500 amp 14-35 dc 
(typical rating) 
500/1000 amp 14-35 dc 
(typical rating) 

Other ratings per 
requirements 


4-35 Ib. ft. torque, |2-80v 


de 
600 to 2500 rpm 











capable of operating dc drive motors. total servocontrol system, which has 
By the use of various control fields also been developed in its entirety by 
the Amplidyne becomes a part of the the General Electric Co. 


tating amplifiers which can convert 
(through a rotating machine) a very 
small signal to an output power 


Fig. 5: Amplidyne (rotating power amplifier). 


Another typical application sup- 
plied by General Electric dc motors 
involves the handling equipment for 
a shipboard-launched missile. In this 
case the requirements were to select 
the missile from the storage magazine, 
which is located below deck, and to 
elevate the missile to the launching 
platform. General specifications for 
the direct-current motors and _ their 
motor-generator sets to perform the 
above functions were reversible opera- 
tion, high momentary overloads and 
20 years life, as well as insulation 
for a 65°C rise in a 50°C ambient. 

Shock and vibration requirements 
were specified according to Navy 
specifications. Another service condi- 
tion was related to the movement of 
the ship during heavy sea conditions 
such as total roll, port to starboard, of 
40° and total pitch of 10°. The motors 
and generators were also required to 
be compensated such that the armature 
inductance would be minimized, thus 
resulting in a fast response system.* 
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GUIDING HAND FOR THE MATADOR 
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FOR ALL MISSILE SYSTEM APPLICATIONS: a 


ao 








TRAILER VAN — Air transportable by C-119 or larger cargo aircraft. 5,000 lb. 
payload. 2" thick insulated aluminum skinned walls, floor, ceiling. Inside 
dimensions: 140" x90" x79". Detachable chassis. 
(optional) lowers into van during transit 


Observation lome 


Mobility in missilry ... 


CRAIG shelters add “wings” 


to any missile system 


With versatile Craig shelters like these — transportable by helicopter or cargo 


aircraft as well as by land or sea 


Rugged, lightweight, insulated Craig shelters 
countless “systems-packaging”’ applications 


environmental conditions. 


Whatever your missile-system packaging problem, Craig can help you solve it. . . 
economically and fast. Write today for full information. 





Craig is a prime supplier of lightweight, aluminum carriers and transit cases built to MIL SPECS. 


Craig missile programs include Falcon, Petrel, Sidewinder, Terrier, Sparrow. 


complete line of mobile, transportable shelters, vans, trailers like these: 


a2 a * . . 
Ay a 


already tested and proven in 
come in a wide range of types, sizes 
and capacities for limitless flexibility in equipment layout. 
protection for delicate electronic components against shock, vibration, and extreme 


They offer complete 









HELICOP-HUTS* fir transportability for complete missile systems in all- 
weather “flying” shelters. Available in a family of sizes from 7¢ 
134’ long (interior). Light weight. (950-1200 It lepending ¢ Zé 
Payloads to 6300 ths Ins ilated Aluminur Aims i f f purethane ts0- 
cyanate core. Adaptable to any missile systen ipproved by the Armed 
Services and designated as S-141 for 134"' l helter. ar 


shelter. (All dimensions interior). Quickly attachable dolly for 


"TRADE MARK 





HOIST KIT FOR TRUCK LOADING \pecia 


virtually any missile system can be converted into e makes truck loadt mple and 
a mobile unit capable of traveling swiftly and of arriving safely, ready to operate. ; 





COMPLETE INSTALLATION SERVICE 
Craig service includes layout, installation, and 
checkout of electronic equipment in shelters of 
all types. Interiors are provided with air con- 
ditioning, heat, light, and ventilation systems, 
etc. as required. Complete systems are ready 
to operate when they leave the factory. 














SYSTEMS, INC. 


Dept Lf, Danvers, Mass. 
Tel. SPrine 4-1870 





Li s Ar geles 15, ( ali} rnia 
6214 W. Manchester Ave.-ORegon 8-0025 
Haddonfield, Neu Jersey 
1016 Berlin Rd.-HAzel 8-2400 
Washington, D.C., The LaSalle, Suite 815 
1028 Conn. Ave. N.W., District 7-1575 
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This has been the month of the long knives, characterized by much noise 
and punctuated by a considerable amount of buck-passing. Much has been said 
on Capitol Hill, in the press and on TV and radio about what was the matter, 
who was to blame, why the Russians are ahead, why the Russians are not ahead 
. . . But little progress has been made toward determining either what we do next 
or how. Conflicting statements abound and about all that anybody is agreed on 


is that it’s going to cost the taxpayer a whole lot more money from here on out. 

But nevertheless, rocketeers have still not lost their sense of humor, as witness 
some of the latest quips, such as, “Progress is our most important problem.” And 
when Air Force Secretary Douglas testified on Capitol Hill that we would have 


ICBMs in two years, an INS reporter cracked: “Coming or going?” Bitter funny? 
{ Maybe, but it’s a good sign. For, so long as we can keep our sense of humor, we 


can also keep (or regain) our sense of balance. 


Meanwhile, things keep shifting: While one Presidential committee debates 
which groups and agencies should be eliminated, another sets out to determine 
which new ones should be established. One possible result: elimination of Air 
Research and Development Command. And reports from Russia of a moon rocket 
abuilding that is 200 feet high, 40 feet in diameter and consisting of “about 20” 
clustered rockets boasting 200,000 pounds thrust each. And from MISSILE WEEK 
a suggestion that big U.S. ballistic missiles are strictly fair weather birds, that 
thrust to weight ratio is too small to safely launch them in any kind of wind. But, 
on the other hand, a suggestion that Navy convert its carriers to Regulus launchers 


—100 of these birds with nuclear warheads could sear quite a hunk of real estate. 


Shades of the past, this page has run across an interesting bit of history, 
anent the Stewart Committee. Of the nine members, three (Dr. Homer J. Stewart, 
Dr. Clifford Furnas, and Dr. R. R. McMath) voted and wrote a strong minority 
report favoring Navy/Army Orbiter project. Other six—Dr. J. Kaplan, Dr. R 
Porter, Mr. G. H. Clement, Prof. J. B. Rosser, Dr. C. Lauritsen and Rear Adm. 
Paul A. Smith USCG (Ret.)—tipped the scales for Vanguard. Meanwhile, from 
Russia two reports (or claims): a 22,000-mile-high TV relay satellite within six 


months and a rocket to the moon within 12 months. 


Signs of the changing times: Col. Nickerson is now sorely missed at ABMA 
. . AF is financing Big-B . . . British believe they’ve solved basic controlled 
fusion problem, having contained temperatures ranging between 12-million and 


60-million degrees centigrade; trouble is: they can’t measure that high. 
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IF BLUEPRINTS 
COULD ONLY FLY... 


Kennametal* could abandon 
its quest for new materials 


A lot of the “new” equipment in the 
field of aviation—and of space flight— 
has been on the drawing boards for 
months, and even years. 

Designers knew how to built it. But 
they did not have the materials with the 
necessary properties to do the job. 

Sometimes the need was for unusual 
corrosion resistance. Sometimes for the 
ability to retain normal physical prop- 
erties under sustained elevated temper- 
atures. Sometimes the demand was for 
unusual rigidity, dimensional stability, 
and/or structural integrity. If adequate 
materials weren't available—the new 
advances had to wait for the Research 
Departments of companies like Kenna- 
metal to develop and produce them. 

The long continued research of Ken- 
nametal into the field of hard carbides 
has produced many new compositions 
that have proven particularly adaptable 
to the aviation and space-flight field. 

For example, there is Kentanium. 
Used for shaft seals on jet engines, it 
operated without lubrication at 15,000 
surface feet per minute speeds, under 
temperatures of 1000°F, and pressures 

of 0.6 pounds per lineal inch—and out- 
performed every other material that 
had been tried. 

Then there is K-501, a platinum- 
base material. It was used to segregate 
unbelievably corrosive rocket fuels. 
After the best life of all previous rings 
had been exceeded, the K-501 rings 
showed no indication of surface wear. 

This field is too new for present ap- 
plications to indicate, or even suggest, 
all future possibilities. Why not let 
Kennametal engineers recommend a 
solution to your problem? Just write: 
KENNAMETAL INC., Department R, 
Latrobe, Pennsylvania. 
*Trademark 
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West Coast Industry 


by Fred S. Hunter 


Department heads at Convair-Astronautics are learning the im- 
portance of social protocol during working hours. Classes are part of a 
course on “supervising women employes” given to 400 supervisors in 
Convair-Astronautics’ management training program. In the office, fac- 
tory or shop, it’s the boss who should set the standards of social be- 
havior and the best way to do it is to keep a distance where office 
invitations are involved. A bit of fancy footwork, graceful sidestepping 
or tactful refusal of after-hours invitations, and employes will soon 
get the idea, the supervisors are told. 


Good idea of the dimensions contemplated for some solid rocket 
engines can be obtained from the newest curing oven installed at Grand 
Central Rocket Co.’s plant near Redlands. It’s six feet in diameter and 
45 feet long. Rocket cases are placed in these curing ovens and pro- 
pellant is poured into them for curing or hardening by the circulation 
of warm water or warm air around the outside of the case. Grand 
Central currently has a production capacity of 1.5 million pounds 
of propellant a month. 

o 


Is missile research being hampered by a shortage of available 
funds? No, says J. F. Tormey, chief of research at North American’s 
Rocketdyne division. “The only time we ever have trouble getting funds 
is On projects we aren’t sure of ourselves,” said Tormey. But the 
military has become more sophisticated in its knowledge of the 
missile science and is more selective in its allocations of money for 
various missile research programs. “They can smell a fishy research 
project in Dayton before you can get off the plane,” said Tormey. 


Hughes Aircraft’s cognizance recently was transferred from 
San Bernardino Air Materiel Area, which is just a buggy ride from 
Culver City, to Warner-Robins in Georgia. Warner-Robins, it seems, 
is the AMA with prime responsibility on fire control systems. Hughes- 
Tucson has to cover a little mileage now, too. Responsibility for the 
Falcon comes under the Middletown Air Depot and a contingent of 
civilian personnel from the Pennsylvania base is currently completing a 
training program on repair, maintenance and overhaul of the air-to-air 
rocket at the Hughes plant in Arizona. 

* 


Put the United States Borax & Chemical Co. down as one that 
goes “first cabin.” At the dedication ceremonies for its new $20-million 
open-pit boron mine and refinery, special guests from Los Angeles were 
flown to Edwards Air Force Base in a Western Air Lines DC-6B, trans- 
ported to the plant site in air-conditioned busses and served a Western 
ranch-type lunch by a catering firm hired from Los Angeles 130 miles 
away. 

a 

Convair’s astronautics division had a total of $51 million-in open 
purchase orders with small business firms in one month and while 81 
per cent, or $38 million, was with small firms in California, only six 
per cent was in San Diego. . . . Latest addition to Lockheed’s $2.5- 
million “electronic brain” facility at Sunnyvale is a $100,000 analog 
computer to check out test missiles for the Polaris program before they 
are fired at remote test sites. 
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Titan Development Now Nears Flight Test Phase 


The Air Force “backup” ICBM, 
Titan, may be ready for first flight tests 
from Cape Canaveral by April. Earlier 
reports stressed that the Titan was 
about one year behind the A/las in de- 
velopment. 

This apparent reduction in devel- 
opment time is due, to a large extent, 
to the rapid progress made by Martin 
in constructing its missile test facility 
at Denver. In addition, the Titan guid- 
ance and propulsion systems are re- 
ported in final stage of development. 

Arma, developer of the guidance 
system, has almost completed its field 
system evaluation at NOTS, China 
Lake. This extension of the in-plant de- 
velopmental tests involves a series of 
rocket sled tests where the guidance 
package is subjected to extreme vibra- 
tions and acceleration. The next phase 
of the test program will be conducted 
under actual flight conditions at Cape 
Canaveral. 

Captive firing tests of the complete 
propulsion subsystem are expected to 
begin very shortly. Cold flow tests have 
been under way for several weeks. For 
the captive tests reinforced propellant 
tanks will be used for simulated ac- 
celeration pressure tests. While await- 
ing completion of test facilities, tests 
were conducted with scale models of 
the propellant tanks. Only after the 
captive tests are under way will the 
compatibility of the tanks, pumps, en- 
gines, etc., be known. 

The Martin integrated missile fa- 
cility is nestled in the Rocky Mountains 
south of Denver and encompasses ap- 
proximately 7000 acres. The facility 
consists of a complex of administrative- 
engineering and manufacturing build- 
ings, laboratories, test fixtures and the 
giant captive-firing stands. 

Che uniqueness of the Titan proj- 
ect with its countless unexplored areas, 
along with the huge cost of the ballistic 
missile and pressure of time, also places 
special emphasis on the need for con- 
currency. Compared with previous 
practices in the development of a 
weapons system, with the consequent 
time lag in bringing the separate ele- 
ments together into a whole, every part 
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The blockhouse (center) is equipped to con- 
trol the two captive test stands (left). Cir- 


cuitry is carried through concrete tunnels. 


of the Titan program is so coordinated 
with every other part that they all go 
forward simultaneously, in accord with 
pre-established schedules. While Martin 
is developing a prototype missile, they 
are also developing the tools, machines 
and the plant to manufacture and test 
the missile 














The underside of a TITAN ICBM captive 
test. Erector hydraulic mechanism (center) 
and water-film cooling manifold (right) 


Meanwhile Avco Manufacturing 
Corp. scientists have announced that a 
nose cone shape for the Titan has been 
found that will resist the shock and 
temperatures of re-entry. Avco was 
awarded a $111-million contract early 
in 1957 for development of the Titan 
nose cone. 


Convair Atlas Centrifuge Exerts 100 g’s 


The new  Convair-Astronautics 
plant in San Diego is equipped with a 
huge centrifuge that can exert a force 
equal to 100 times the pull of gravity 
on test components of the Atlas ICBM. 
The equipment was designed and built 
by the Rucker Co., of Oakland, Calif. 
The centrifuge is an additional device 
used to test ICBM components by sub- 
jecting them to extremes of stress, vi- 
bration and temperatures. 

Designed to whirl objects weigh- 
ing up to 2000 pounds at 121 revolu- 
tions a minute at the end of a 20-foot 
boom, the kinetic energy developed is 
enough to loft a golf ball from San 
Diego over New York City and about 


700 miles out into the Atlantic. The 
machine also is designed to subject test 
components to extremes of temperature 
and acceleration simultaneously. Tem- 
peratures ranging from 100° below 
zero to 350° above can be created in 
the missile-shaped test compartment at 
the end of the boom. 

Testing a third missile environ- 
mental factor, vibration, will be pos- 
sible later with the addition of a shaker 
mechanism. The device is driven by 
three hydraulic motors that develop 
120 horsepower each. The three motors 
have a combined capacity for 125 gal- 
lons of fluid a minute under 5000- 
pound pressure. 
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ERCO SUPPORT FOR ALL Moder WEAPONS 


FROM SPECIALIZED EQUIPMENT 
TO COMPLETE SUPPORT SYSTEMS 


From the smallest critical component to the trailerization of a complete missile te 
and check-out system — this is the range of ERCO’s abilities. Successful projects 
have been designed both from basic and creative concepts. ERCO engineers have 
broken with the past in creating products or systems which have fulfilled the 
national defense need. 

A major activity of ERCO’s weapon support program is weapon transportation 

In this area, ERCO has designed and mass-produced equipment ranging from space 
saving, highly mobile shipboard dollies, trucks and skids, to versatile and 

highly specialized transports of larger and more sophisticated construction. Some 
these transports carry weapons weighing 12 tons over the most rugged terrain 


Another important phase of ERCO’s program is the design and manufacture of com 


electronic and electro-mechanical test and check-out equipment as support 

for missile launching and flight guidance systems 

ERCO — a leading supplier of aircraft simulators, offers its extensive engineering 
production facilities and experience to assist you in accelerating the training 
program vital to the effective introduction of new weapons systems 

If you have the weapon and need the complete support system or highly specializ 
engineering on separate equipments — write today Dept. MS Riverdale, Md., 

for ERCO Weapon Support Brochure and learn how ERCO can help you 


DESIGNED AND BUILT BY = #2 «a a> 
NUCLEAR PRODUCTS - ERCO DIVISION, 
QCFf INDUSTRIES INC., RIVERDALE. MARYLAND 
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Republic Gets Contracts 
for All-weather Drones 


Republic Aviation Corp. has been 
awarded two Army contracts for de- 
velopment and production of a new 


service test model of combat surveil- 


lance systems. 

Republic described the new sys- 
tem as aerial drones capable of oper- 
ating in any kind of weather. 

The contracts call for two such 
systems, one for immediate operational 
use and the other an advanced, future 
type to be operated by Army units in 
the battle area for surveillance, using 
techniques such as photography, radar 
or infrared. 

The contract for the drones to- 
taled $1.7 million and called for a 
rapid schedule of detail design and 
fabrication of initial service test units. 
The contract for the advance drone 
includes study, development and de- 
tail design and production of service 
test models. It is valued at more than 
$3 million. 

Both contracts were awarded to 
Republic after industry design proposal 
competitions. Republic’s designs were 
based on continuing surveillance-sys- 
tem research which the company be- 
gan in 1952. 

Both drones will be zero-length 
launched and both will be recoverable. 
The first of the two types of drones will 
be propeller driven and fabrication of 
this type has already begun. 


Rogers Forms 
Plastic Division 


A division that will concentrate 
on high temperature materials for ap- 
plication in missiles and rockets was 
formed by Rogers Corp., Rogers, 
Conn., manufacturers of special pur- 
pose fibrous and plastics materials. 

One of the most important im- 
mediate objectives of the division will 
be to collate the data resulting from 
more than two years of work on missile 
materials and arrange for the distribu- 
tion of nonclassified information on 
Rogers materials to interested engineers | 
and scientists. 


FMC Corp. Increases 
Rocket Fuel Work 


Food Machinery and Chemical 
Corp. has established a special projects 





| 


branch as part of its expansion of | 


rocket development work. Dr. Noah S. 
Davis, head of this group, has been 
raised to the new position of director. 
Laboratories and test cells have 
been constructed in a newly acquired 
building in Buffalo. The 64,000-square- 
foot floor space provides research facil- 
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@& OR SPECIAL FILTERS 
ABSOLUTE 
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GUARANTEED! 
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WELSBACH 
[gent 


active form. 


from wastes. 


Write for this booklet on Wels- 
bach Ozone Generation for 
Industrial Application. Please 
indicate compony and title. 


ZONE PROCESSES DIVISION 


DEPT. 604, 15th & WALNUT STS. 
PHILADELPHIA 2, PENNSYLVANIA 


Circle No. 62 on Subscriber Service 


Card. 


Wherever an oxidant is required, Welsbach ozone 
assures a low-cost, versatile reagent of the highest 
purity. It consists of nothing but oxygen in a very 


Years of research and development have resulted 
in a variety of applications for Welsbach ozone. It is 
used, for example, in the oxidation of chlorides found 
in nitric acid following atomic fuel extraction . . . has 
proved effective in reducing manufacturing costs of 
cortisone . . . improves the quality and yield of in- 
dustrial acids from olefinic raw materials, and is 
highly effective in the removal of cyanide and phenol 


The numerous proven applications for Welsbach 
ozone indicate that normally it can do a superior job 
at less cost than competitive oxidizers. And recent 
developments in ozone technology portend a glowing 
future for it as an oxidant for rocket fuels. 

Why not take advantage of Welsbach’s unparalleled 
experience and background in application research 
and in the design and construction of tonnage ozone 
plants? Call or write Welsbach today for aid in the 
solution of your oxidation problems. 





~~ 


f@) 
THE WELSBACH CORPORATION 


ities for propellant chemicals, proper 


| passivating of equipment for hydrogen 


peroxide applications, and qualification 
testing of rocket components. These 
fields will continue to be the primary 
objects of study. 

In addition to hydrogen peroxide, 
FMC makes the rocket fuel, Dimazine 
(unsymetrical dimethyl-hydrazine) and 
has recently entered the field of high- 
energy boron-based fuels, by forming 
AFN, Inc., with American Potash & 
Chemical Corporation and National 
Distillers and Chemicals Corp. 


High Energy Solids 


| Developed by Callery 


A new rocket fuel which will lock 
the most efficient practical chemical 
propellant, a boron-carbon-hydrogen 
compound, in solid propellant rocket 
form, is being developed by Callery 
Chemical Co. 

“The significance of this is that it 
will combine the most efficient type 
chemical fuel, HiCal, with the most 
efficient rocket design, since a rocket 
with solid propellant requires no fuel 
transfer mechanism,” Dr. William H. 
Schechter, Callery’s vice president- 
operations, said. “The result should be 
a superefficient rocket.” 

“We intend to devote a great deal 


| of time and research to this new fuel,” 


he said. “To this purpose, we have 
established a solid fuel group at our 
research and development division, Cal- 
lery, Pa.” 

“Solid propellants may be based 
on one of our new products, decabor- 
ane,” Dr. Schechter declared. Callery 
will produce this chemical and others 
in a new commercial plant now under 
construction at Lawrence, Kan. 


Midget Rockets 


Solve ICBM Riddle 


Convair engineers are mounting 


| miniature rocket engines in vacuum 
| chambers in an effort to solve the 
riddle of what happens when an inter- 


continental ballistic missile hurtles 
through space hundreds of miles above 


| the earth. The midget rocket engines 
| are used in scale studies of the pro- 


pulsion characteristics of the Aflas, 
ICBM. The Aflas is now in pilot pro- 
duction by Convair-Astronautics at 
San Diego. 

The test rockets, with nozzles 
as small as one-inch diameter and de- 
veloping no more than 200-pounds 
thrust, enable engineers in Convair’s 
thermodynamics laboratory to study 
the behavior of rocket-exhaust jets 
under varying conditions of altitude 
and velocity. Since there is no practical 
means of checking rocket-exhaust 
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characteristics during the trip through 
space, flight conditions must be simu- 
lated in ground laboratories. 

The thermodynamics lab dupli- 
cates altitude conditions up to about 
40 miles in a cylindrical, steel vacuum 
tank six feet in diameter and 10 feet 
long. A small test rocket, fueled by 
gaseous oxygen and 
mounted in one end of the tank and 
fired for as long as 1.5 seconds. 
Through a one-inch plate-glass window, 
engineers watch how the rocket flame 
fans out as atmospheric pressure is 
reduced. Thus, they can check on how 
the expanding exhaust might impinge 
on nearby or surrounding surfaces. By 
placing material specimens in or near 
the jet, the engineers can also deter- 
mine how the 5000-degree flame might 
affect such surfaces. 

In a new vacuum tank recently 
installed in the laboratory, tests at 
simulated altitudes of up to 50 miles 
can be made. The test chamber is six 
feet in diameter and 40 feet long. 


Turbo Dynamics Readies 
Missile Facility 


The 872-acre Douglas-Tahoe Air- 
port, just south of Carson City, Nev., 
has been taken over by Turbo Dy- 
namics Corp. as the site of its initial 
facility for research and development 
on small gas turbines. 

First building of 8000 square feet 
is nearing completion, with tooling, in- 
cluding one of the first Schwartzkopf 
automatic indexing mills in the West 
Coast area, to follow immediately. Fred 
A. Thaheld, president of the company, 
will head a staff of over 30 engineers 
and skilled craftsmen as work com- 
mences. 

In addition to commercial applica- 
tions in the turbine field, Turbo Dy- 
namics plans to engage in development 
and subcontract work in the field of 
guided missiles and to induce related 
industries to locate on the site. 


Stewart-Warner Develops 
Cooling Technique 


South Wind Division of Stewart- 
Warner Corp. announces the successful 
development and applications of a new 
evaporative cooling technique adaptable 
to water, freon, ammonia, glycol or 
other coolants and allowing 100 per 
cent use of the latent heat of vaporiza- 
tion in a unit smaller, lighter, simpler 
and cheaper than any other currently 
in use. 

The new development has been 
termed the “Liquid-Lock” system. It 
permits a liquid coolant to retain its 
characteristics as a heat sink, yet be 
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Here’s why FLEXIBLE TUBING can say, 
“We can meet any silicone ducting need” 


The extreme sensitivity of silicone rubber compounds makes their 
fabrication into ducting a tricky, exacting process requiring testing, 
evaluating and manufacturing techniques of the highest order. All 
of this Flexible Tubing has. Our silicone departments on the east 
and west coasts, together with recently expanded laboratory facilities, 
are the best equipped in the world. And the staff that runs them 
includes the country’s foremost silicone rubber experts. 

All raw materials are scrupulously protected against contamina- 
tion, and every duct and special part is built on automated machinery 
under automatically controlled temperature and atmospheric condi- 
tions. Positive air pressure keeps them constantly dust-free, and for 
further protection the personnel wear sanitized clothing. Each part 
is serialized and certified at every stage of production. The result is 
a top-quality, fully cured product that will behave as it is supposed 
to against the most rigid specifications. 

The background and experience of our field engineers are available 
to you. Let us know your requirements and we'll be glad to have one 
of them stop by and help you solve your problems. For full informa- 
tion, write Dept. 211. 


Represented nationally by Aero Engineering Co. and Airsupply 
Co., and by Associated Industries in Seattle, Washington. 


Flexible Typing 


CORPORATION 
GUILFORD, CONNECTICUT 
ANAHEIM, CALIFORNIA * HILLSIDE, ILLINOIS 
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formed and handled as a solid. 
Liquid-Lock permits boiling or 
evaporation to take place without use 
of baffles or valves to prevent spillage, 
regardless of attitude, while permitting 
venting of vapors without loss of liquid. 
Heat transfer surfaces are kept wet, 





and a more efficient submerged boiling Op 
is attained without the problems at- wi 
tendant to handling a free liquid. du 
us 
GE to Hire 300 at MOSD - 
For Nose Cone Production - 
General Electric Co. will hire 300 sti 
engineers and production personnel at = 
its military ordnance systems depart- is 
ment in Philadelphia for the produc- 
tion of Atlas and Thor nose cones. The ca 
| same nose cone is designed to fit both lif 
| Atlas and Thor missiles, thus eliminat- . 
| ing the necessity for a separate design 
| to accommodate one or the other mis- 
| sile. The company expects to fill its 
personnel needs entirely from the local 
labor force. The number of unem- 
ployed in the Quaker City is currently Bi 
about 60,000. ha 
ar 


Monsanto Ups Capacity 


| To Make Bisphenol 








Monsanto Chemical Co. has 
doubled capacity of its St. Louis plant { 
to produce bisphenol A, a resin in- ; 
termediate used in manufacture of 


Parker Triple-lok fittings 


| epoxy resins and oil-soluble phenolic he 

stand up under severest =~ . 
Bisphenol A also is used in the 

manufacture of recently developed by 

| polycarbon resins, high melting point = 

empera ures all S resses thermoplastic materials which report- ql 

| edly offer an unusual combination of to 

Exhaustive tests by Parker and by with specially treated flare nose tonghnens, heat resistance, hen. = dl 

missile builders prove that Triple-lok surface that will trap even elusive | P@ct strength and good dimensionabil- fr 

| ity. These may replace metals, cera- ar 


helium, which no ordinary metal-to- 
metal seal can do. 


tube fittings stand up under the sever- 
est punishment of rocket stresses and 
strains, high pressures and tempera- 


mics and some plastics ‘n a number 
of applications. 
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tures ... give you leakproof, depend- 
able, safe connections. 


Used on missiles and launching 
pads, Triple-lok fittings simplify con- 
struction, provide trouble-free con- 
nections, last longer. No matter how 
close the quarters, or how intricate 
the system, Triple-lok fittings are fast, 
easy to install. 


Will even hold helium. Parker 
Triple-lok fittings can be furnished 


The industrial standard. Triple-lok 
fittings come in a wide range of 
sizes and shapes (including straight 
threaded and female pipe threaded 
bodies). Available in type 316 stain- 
less steel; in other alloys on special 
order. Warehouse stocks 
in all industrial centers. 
Ask your Parker Dis- 
tributor for Triple-lok 
Catalog No. 4310, or 
write to — 





PARKER FITTINGS AND HOSE DIVISION 
Section 430-X, Parker-Hannifin Corporation, 17325 Euclid Ave., Cleveland 12, Ohio 
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North American Testing 
Rocket Seat Ejector 

CHINA LAKE, Calif—The Co- 
lumbus Division of North American 
Aviation is currently testing a com- 
pany-developed rocket-propelled, low- 
level seat ejection system here at the 
U.S. Naval Ordnance Test Station. 
Slated for the new Navy jet trainer, 
the T2J, the system uses a small, high- 
thrust rocket motor. This motor pushes 
the pilot’s seat high above the air- 
craft. At a precise point, the pilot 
is automatically separated from _ the 
seat, and the parachute opens. 

The new seat will allow escape on 
the ground or at any other altitude. The 
rocket motor pushes the pilot and seat 
to a maximum height of 200-400 feet 
above the surface of the ground. 
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_NEW MISSILE PRODUCTS 


SEMICONDUCTOR DEVICE 


The General Electric Co. has devel- 
oped a new semiconductor device which 
will replace relays and certain power in- 
dustrial tubes. 

The controlled rectifier will find wide 
use as a combination electric power relay 
switch and conversion device. Applica- 
tions include replacement of power tran- 
sistors in guided missile power supplies. 

The silicon-controlled rectifiers are 
still in the laboratory development stage 
and probably will not be ready for initial 
commercial production until the fall of 
1958. 

Features of the new semiconductor 
controlled rectifiers are their extreme long 
life, very small size and instant starting 
ability. They are capable of operating at 
temperatures of 150°C. 

Circle No. 203 on Subscriber Service Card. 


COAXIAL CONNECTORS 


A new series of coaxial cable con- 
nectors is being introduced by H. H. 
Buggie, Inc. The high-voltage connectors 
have a rated corona level of 15 kv ac, 
and are claimed to have higher voltage- 





handling capabilities than comparable de- 
signs. 

Electrical connections are achieved 
by molded-on pigtails that may be or- 
dered in varying lengths to suit assembly 
requirements and no soldering cup is re- 
quired. Noise radiation has been reduced 
to a minimum and the connectors have 
a higher voltage efficiency than potted 
types. Operating temperatures may range 
from -S5°C under humidity, vibration 
and shock conditions. 

Circle No. 206 on Subscriber Service Card. 


LIQUID LEVEL SENSOR 


A liquid level sensor capable of 
maintaining full efficiency in liquid oxy- 
gen and liquid nitrogen as well as the 
JP series fuels is being produced by 
Acoustica Associates. The sensor element 
consists of an ultrasonic probe that is unaf- 
fected by characteristics of the liquid and 
which maintains an accuracy of +1/32”. 
The complete level sensor weighs less than 
12 ounces and consumes only 20 milli- 
watts during operation. Performance is 
Stable when sensing virtually all liquids 
at temperatures from —270°F to +220°F. 
The sensor is impervious to foam and 
clinging droplets of liquid. Response is 
instantaneous and the sensor is perfectly 
safe for use with explosive liquids. Acous- 
tica Associates, Inc. 

Circle No. 219 on Subsc-iber Service Card. 


INDUSTRIAL TV 


_ A TC-200 industrial TV camera that 
weighs 3 lbs. and measures 3” wide, 342” 
high, and is 10” long produces a high 
resolution, 2:1 interlace TV signal, and 
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can be operated up to 2000 feet from its 
control unit. 

The camera is part of a complete new 
product line of industrial TV equipment 
being marketed by Allen B. DuMont 
Laboratories, Inc. 

Circle No. 234 on Subscriber Service Card. 


OIL-FREE ROTARY PUMP 


The Dexter Co. has developed a 
rotary, oil-free pump equipped with shaft 
seals for gas-tight operation at pressures 
up to 10 psi. The Dexter-Conde “Dri- 
Air” pump has graphite vanes and life- 
time bearings and requires no lubrication 
in service. Shaft seals also require no 
lubrication and hence pump components 
cannot contaminate the air or gas stream. 

The new shaft seals make the pump 
particularly adaptable for handling gases 











which might be harmful to personnel or 
equipment should they leak into surround- 
ing areas. 

The pump utilizes a sliding carbon 
vane which seats itself by centrifugal 
force against the inner wall of the hous- 
ing. This design provides constant delivery 
volumes and pressures. Construction is 
normally of cast iron although bronze or 
aluminum can be supplied for special ap- 
plications. 

The pump runs quietly at relatively 
low speeds and requires no periodic main- 
tenance. There are no end-plate seals or 
gaskets to leak or blow. Because of its 
simplicity in design and few moving parts, 
the gas-tight, oil-free pump requires con- 
siderably less horsepower. 

Circle No. 201 on Subscriber Service Card. 


CERAMIC WARE 


Zirconia Ware, a ceramic material 
produced by Saxonburg Ceramics, is 
available in rods, discs, tubes, combustion 
boats, crucibles or other special shapes. 
The material has a meliing point of 
approximately 4500°F, is erosion resistant 
and does not react with most other 
materials. Stabilized Zirconia is _ inert 
chemically and will not react when fir- 
ing titanates or sintering metals. 

Circle No. 218 on Subscriber Service Card. 


THERMOCOUPLE 


Thermo Electric Co., Inc. has de- 
veloped a new, high-temperature thermo- 
couple probe for use in the high-velocity 
gas streams of ramjet and rocket exhausts. 
The unit was designed to solve the prob- 
lems of probe life, accuracy, installation 
and maintenance at temperatures as high 
as 3600°F. 

Key to the probe's performance is a 
cermet (ceramic-metal combination) sup- 
port tube and radiation shield. With such 











— 


a shield water- or air-cooling is not neces- 
sary. Conduction errors due to cooling 
are eliminated and radiation losses due to 
cold duct walls are reduced about 60%. 
Other disadvantages of water-cooling— 
water supply, conduit, additional space 
needs and other installation difficulties— 
are also eliminated. 

It has been tested at 3000°F in a 
Mach | gas stream for 1% hours without 
failure. Further tests are being conducted 
to determine the life and temperature 
limitations of the probe's structural ele- 
ments. Depending on the application, con- 
ductors can be varied and the support tube 
itself can be formed to almost any shape. 

Circle Ne. 202 on Subscriber Service Cord. 


SOLENOID BY-PASS VALVE 


An airborne 3-way, 2-position sol- 
enoid valve has been developed by M. C. 
Manufacturing Co. 

The valve, designated 


MC 1766-1, 





i 


is designed to meet military standards and 
is intended for use with hydraulic fluids. 
Temperature range of the valve is -65°F 
to +275°F and operating pressure is 
3000 psi. The solenoid current drain is 
1.6 amps, at 29 volts dc in ambient tem- 
perature of 70°F. Leakage from the drain 
port, with 3000 psi applied at either of the 
other two ports, is 5 cc/hour maximum. 
Actuation time of the MC 1766-1 valve 
is .1S second maximum. Weight is 1.75 
Ibs. 
Circle No. 200 on Subscriber Service Card. 


ROCKET BLAST FENCE 


A blast deflection and noise reduc- 
tion fence for use in missile and rocket 
launching operations has been developed 
by Lynn Engineering Co. The device 
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of custom 
cabling 


Custom cabling as you want tt 





...when you want it 


| a vast storehouse containing every electronic cable 

which you may ever require —every combination of conductors, fillers, 
wrappings, jackets, and connectors—all combined into tough, reliable 
cable assemblies —all tested and proven to be electrically, mechanically and 


environmentally suited to whatever applications you may ever have 


The facilities of Pacific Automation Products, Inc., are such a storehouse 
Here you can obtain custom cable —tailored to your most exacting 


requirements —and available at off-the-shelf speed. 


Place this Infinite Inventory at your disposal today. Phone, write or wire: 


PactFIc AUTOMATION PRODUCTS, INC. 


1000 AIRWAY, GLENDALE 1, CALIFORNIA Phone: CHapman 5-6871 or Cltrus 4-867! 


137 WALNUT HILL VILLAGE DALLAS 20, TEXAS FLEETWOOD 2-5806 
1809 VIRGINIA AVE. REDWOOD CITY, CALIF EMERSON 9-1962 
20 LEXINGTON AVE. NEW YORK 17, N. Y. LEXINGTON 2-5193 


Engineers: This Company has imagination, youth, spirit, and goals 


that are well defined. Why not send your resume today? 
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utilizes a 2” perforated water line at its 
leading edge to allow water, controlled 
by a thermostatically operated valve, to 
flow over the surface of the fence. No 
attempt is made to cool the blast gases; 
instead, 12 gallons of water per minute 
are applied for 3000 degrees of rocket 
blast. 
Circle No. 205 on Subscriber Service Card. 


LEVEL CONTROL 


Model CL-10 “Dynatrol” developed 
by Automation Products, Inc., utilizes 
new design principle for accurate and 
versatile high- or low-point detection or 
narrow-range proportional control of 
liquid, solid and slurry levels. The con- 
trol has a positive-acting electrical output 
control signal that varies with the amount 
of immersion of the 120 cps vibrating 
paddle in the medium being detected. The 
output signal can be used to control the 
operation of any type of electrical equip- 
ment. 

The unit is rated for 3000 psig pres- 
sure—explosion-proof 115-vac—corrosion 
resistant—any mounting position with 
only %4” npt pipe opening required. 

Circle No. 240 on Subscriber Service Card. 


SEALLESS PUMP 


Sealless plastic and stainless steel 
pumps, having no stuffing boxes, glands 
or shaft seals and only two basic parts, 
are available from Vanton Pump and 
Equipment Co. The unit has a capacity of 
40 gpm, a discharge pressure of 0 to 60 
psig and an operating temperature from 
-60°F to 400°F. 

Other features include low mainte- 
nance due to design, bearings external 
to the fluid cavity, self-priming and non- 
agitating characteristics, and operation in 
any position. Wide range of materials, 
depending on service. 

Circle No. 225 on Subscriber Service Card. 


HIGH-TEMPERATURE BOLTS 


Standard Pressed Steel Co. has de- 
veloped steel bolts that are said to have 
unprecedented strength under heat up to 
900°F. Called Hi Tm 9 fasteners, the 
bolts at 900° have a minimum tensile 
strength of 170,000 psi, 50% more than 
strength of stainless and alloy fasteners 
currently used. 

SPS is making the bolts from Vasco- 
jet 100, a 5% chromium hot work die 
steel produced by Vanadium-Alloys Steel 
Co. Initial room- temperature tensile 
strength is 220,000 psi. Shear strength is 
140,000 at room temperature and 100,000 
psi at 900°F. Room temperature tensile 
Strength is retained even after 100-hr. 
soak at 900°F. Bolts have Hi R thread 
design with larger-than-normal radius in 
the root of the thread, and a diffused 
nickel-cadmium plating that provides good 
corrosion and oxidation resistance up to 
1,000°F. 

Circle No. 208 on Subscriber Service Card. 


VIBRATION ANALYZER 


A vibration analyzer and portable 
balancer incorporating electronic tech- 
nology has been introduced by Inter- 
national Research and Development Corp. 

The IRD Model 600 vibration ana- 
lyzer provides instrumentation to meas- 
ure the amplitude or velocity, the fre- 
quency and the phase of the vibration; 
to separately study any frequency pres- 
ent in a complex system; to pinpoint the 
part causing the predominant vibration; 
and to correct the cause of vibration by 
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balancing, in place, without costly dis- 
mantling of machinery. 

The new vibration analyzer meas- 
ures the vibration amplitude from .0 
mil to 100 mils, the velocity from .03 
to 30.0 in./sec., and the frequency from 
450 to 150,000 cpm. A_ continuously 
variable filter is incorporated to permit 
a separate analysis of each frequency 
from 450 to 150,000 cpm. Other com- 
ponents include a velocity-type vibration 
pickup and a stroboscopic lamp to visu- 
ally study a rotating part. A scope jack 
is provided to accommodate an oscillo- 
scope to visually study the 
waveform. A recorder jack is also in- 


corporated to adapt a strip chart recorder. | 


Circle No. 241 on Subscriber Service Card. 


ANTENNA POSITIONER 


A series of weatherproof remotely 


controlled antenna-positioning tables, par- | 


ticularly useful in antenna pattern meas- 
urements, has been developed by Scien- 
tific-Atlanta, Inc. 

The Series 411 antenna positioners 
are designed to support loads up to 800 
pounds with a maximum unbalance of 
2000-foot-pounds. The positioner is driven 
in azimuth by a variable-speed reversible 
motor. Synchro output signals are pro- 
vided for driving remote indicators and 
antenna pattern recorders. Remote con- 
trol and indicator units are also available. 
Other positioner models include azimuth 
over elevation rotation and elevation over 
azimuth. 

Circle No. 207 on Subscriber Service Card. 


FLOW TEST FACILITY 


Aerotest Laboratories has announced 
a new closed-loop flow test system for 
airborne and ground missile equipment, 
using 90% hydrogen peroxide as the test 
medium. The system is available to equip- 
ment manufacturers for evaluation and 
qualification testing of rocket and missile 
components such as valves, pumps, hose 
lines, couplings, disconnects and other 
parts exposed to high-concentrate H,0O.,. 
The system may also be modified for use 
with other special media. 

The operating range of the system 
includes flow rates up to 150 gpm at 
pressures to 75 psi; static pressures up to 
3000 psi. Flow tests may be run with a 
wide range of media temperatures, plus 
other environmental conditions. For sim- 
ulated H,O, tests, de-ionized water is 
used as the test medium. 

Circle No. 204 on Subscriber Service Card. 


EXPLOSION-PROOF SWITCH 


A control device for monitoring fluid 
pressures in applications where extraordi- 
narily severe conditions of temperatures, 
vibration and explosive pressure surge are 
encountered has been developed by the 
liquid engine division of the Aerojet-Gen- 
eral Corp. 

Called the AeroSWITCH, it is de- 


signed to meet a need for a rugged, re- | 
liable switch in liquid rocket engines, with | 


a requirement that it would always work 
in varied and extreme environmental con- 
ditions. The switch has been tested to 
4000 psi at rates of pressure application 
up to 8 million psi/sec. Its functioning 
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The characteristics derive from use 
of a three-ply welded stainless steel pres- 
sure-sensing bellows and a_ buckling-col- 
umn spring having considerably less mass 
than a conventional compression spring, 


<_——.... Circle No. 74 on Subscriber Service Cerd. 











PRECISE 
CURRENT 
for your 
TESTING 
NEEDS! 


remain 





vibration | 


KATO 400 CYCLE 
MOTOR GENERATOR SETS 
NOW UP TO 250 KWi 


KATO MOTOR GENERATOR 
SETS are available in fre- 
quencies, speeds and sizes for 
every specialized use . . . op- 
erating high cycle tools, test- 
ing components and electronic 





temperature range is from -65°F to | 
F. 


equipment. 


clr siti oe 5 0s 


1489 FIRST AVENU 








Units can be equipped with 
synchronous motor starter and ut y 

magnetic amplifier, aute- | 
‘s,_ matic voltage regulator 






cE, MA ~ ATO, “MINN. 
Circle No. 64 on Subscriber Service Card. 


VARIABLE FREQUENCY 
MOTOR GENERATOR SETS 
ADJUST 360 to 440 CPS. 


Generator mounted controls 
include reset buttons, limit 
switch. Motor and generator 
stationary. Variable 
drive pulley adjustment con- 
trolled by smal! motor. Re- 
mote control 


panels avail- 
able 





INPUT 
60 CYCLES 
400 CYCLES 


WRITE FOR NEW FOLDER! 


Builders of Fine Electrical Machinery Since 1928 


or. 















housing in 


spindle facilities 
8 fr. x 4 fe 
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Prototype Parts and Hog-outs 
for Missiles and Aircraft 
in aluminum, steel, 
stainless, etc. 





Typical hog Oul of a 
hydraulic actuating cylinder 


75 st billet. 


We specialize in prototypes or pro- 
duction of any size or shape for air 
frames and hydraulic servo systems 


Keller and Hydro-tel duplicating 
and profiling, single 
from 


A. E. Paxton Company 
57-17 79th Ave. 

Glendale 27, New York | 

Tel.: HEgeman 3-7080 | 


and three- 
small to 





Circle No. 65 on Subscriber Service Cord. [37 
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PROTECTING JET ENGINE PARTS 
we SICON Silicone Coating 


Operator masks end of combustion 
chamber with simple cardboard 
shields as he applies SICON finish 
to resist temperatures up to 800°F, 


This J-35 afterburner shroud as- 
sembly has been masked at critical 
hole patterns and threaded attach- 
ments before being sprayed with 
SICON silicone coating. 


HEAT RESISTANCE UP TO 
800°F. plus 
EASY APPLICATION 


An example of how SICON 
solves Finish Problems 
for Design Engineers. 


Jet engine parts made by Solar Aircraft 
are fabricated from special aluminized 
steel to meet conditions of extremely high 
temperatures. Certain welding operations 
destroy the aluminized surface, and at such 
critical points SICON was first adopted as 
a touch-up finish to renew vital protection 
needed. SICON proved stable under sear- 
ing heat tests due to its strong film adhe- 
sion and excellent heat resistance charac- 
teristics, also so easy and fast to apply that 
many parts are now given an all-over 
SICON coating. 

Rigorous heat tests have proved SICON 
best for many other products such as 
automobile manifolds, exhaust pipes, fur- 
naces, and heaters. SICON is easy to apply, 
by brush, spray, or dip, to any chemically 
clean surface; and in many cases can be 
either air-dried or baked. 

Decorative colors for lower temperature 
needs—whites, beiges, tans, and other 
shades, all with excellent retention of 
color and gloss in the 550°F. range, are 
now available. 


Write us about your problem. If a SICON formula- 
tion is indicated we will provide a sample based on 


color and temperature requirements. 


Dept. A-26 


ID LAN D Sedushial Finish QN 


EAST WATER ST., WAUKEGAN, ILLINOIS 
ENAMELS+-SYNTHETICS-LACQUERS-VARNISHES 
Circle No. 66 on Subscriber Service Card. 


Circle Ne. 34 on Subscriber Service Card. 








minimizing inertial reaction forces. 

The explosion-proof switch has an 
aluminum-alloy housing which may be 
vented or unvented as desired. Weight of 
the device is 0.4 Ib. 

Circle No. 242 on Subscriber Service Card. 


GAS-PRESSURE TRANSDUCER 

A transducer giving high-speed meas- 
urement of pressures from 10* to 15 psi 
has been developed by Trans-sonics, Ine. 
The transducer has an input dynamic 
range of over one million and a deep 
and stable null which does not change 
with voltage, frequency, aging, or environ- 
mental conditions. Zero shift is such that 
the +2% accuracy can be expressed as 
a percentage of the pressure reading, 
rather than a full scale. 

Designated “Equibar,” the unit pro- 
vides up to 35 volts output for direct 
drive of telemetering circuits and has an 
acceleration sensitivity less than 0.015% 


| of the operating interval per g in any di- 


rection. With a natural frequency in ex- 
cess of 3000 cps, the Equibar has suffi- 


| ciently fast response for servocontrolled 


altitude-hold systems, and mach-number 
instruments in missiles. The unit is also 
capable of defining calibration points for 
pressure transducers and may be used as* 
a leak detector. 

Circle No. 243 on Subscriber Service Card. 


STEEL CHECK VALVE 


Stainless steel check valve providing 
absolute dead-tight sealing and suitability 
for both gas and liquid applications has 
been developed by James, Pond and 
Clark. Mountable in any position, the 
valve operates from cryogenic tempera- 
tures to 600°F and at pressures from 0 
to 3000 psi. The unit is designed for use 
with corrosive materials. 

Circle No. 224 on Subscriber Service Card. 


TAPER-PIN CONNECTIONS 


A compact, versatile taper-pin panel 
assembly developed by Burndy Corp. 
features unusual flexibility in connec- 
tions. The versatility is gained by use 
of an aluminum frame in which shielded 
panels are snapped and _ locked. The 
amount of panels used depends on the 
application, and the frames will accom- 
modate bussed panels, panels for coaxial 
cable, or grounding inserts. Feed-through 
panels have been designed for some uses, 
commoning panels for others. 

Circle No. 244 on Subscriber Service Card. 


MICROWAVE ABSORBING 
MATERIAL 


A microwave absorbing material 
operating over a high-frequency range 
has been introduced by Gulton Industries, 
Inc. 

Known as AF20, it is a light, rigid 
material having a frequency range of 
2500 to 70,000 megacycles with improved 
performance at high angles of incidence. 

Designed for permanent radar 
darkrooms for use in precise radar meas- 

I 








FOR SALE 
USED HEAT TREAT FURNACES 
Late, Modern Equipment—immediate Delivery 
What are your requirements? 
Write for our latest list. 
PAPESCH & KOLSTAD, INC. 
10703 Capital Ave. Phone: Lincoln 7-6400 
Oak Park (Detroit) 37, Mich 
P. O. Box 3726 
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urements and as temporary test bays, 
AF20 is highly expanded polystryrene 
treated to give a specific attenuation, 
The material is supplied in rigid blocks, 
15” square and 4” thick. The wide band 
performance of AF20 enables Q, S and 
X band measurements to be made in the 
same darkroom. 
Circle No. 245 on Subscriber Service Card. 


DIAMETER GAUGES 


Harolds Gauges Ltd. is manufactur- 
ing spherical pin diameter gauges for sale 
in the U.S. 

Gauge consists of a cylindrical cen- 
tral section of a sphere. The ends are 
diametrically opposite surfaces of the 
sphere. The gauge enters a bore easily, 
without a pilot, but will not enter under- 
sized bores. It detects ovality readily, but 
does not tend to bind or burr the part. 
| Longer accurate life results from linear 
contact. A new line of contact is pro- 
vided simply by rotating the pin on its 
| own axis. The light weight gives greater 
| sensitivity and lower cost. 

Standard tolerances up to 8” diam- 
eters are +50 millionths of an in. Finish 
is ground and lapped. 

Circle No. 246 on Subscriber Service Card. 
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DUST COLLECTOR 


* . fo) Cylindrically-shaped wet type dust 
-4000 VA at OPF within + 1% | collector said to be 1/20th to 1/10th the 
es size of comparable units and capable of 


| collecting over 99% of dust particles 5 


. . ] | coll . ic 
in Western Design's yok eee 


Called Microdyne Dust-Collector, 


unit is produced in sizes from 2,500 cfm 
| to 64,000 cfm. Small size of unit allows 
| installation as part of duct. Lightweight 
| model can be supplied in stainless steel. 


Circle No. 215 on Subscriber Service Card. 





Voltage and frequency output held to + 1% SCANIVALVE . 
excursion under no load to full load and -- 65° . , : ' 
65°S. cannes. with 2 8% inset chanse - _ General Design has introduced a | 
to 1 . ge, P ge. OTHER WESTERN | miniaturized solenoid-driven model 48D 
Western Design Airborne Inverter Power Supplies DESIGN PRODUCTS: scanivalve that samples 48 different 


| transducers and their zero circuits. The 
unit requires only nine small connecting 
wires, is designed to take aerodynamic 
pressure data, and reads 48 pressures 


will withstand 100g shock, and 12g vibration 
acceleration at 20 to 2000 cps. They are compact, 
self-contained, pressurized and hermetically sealed 
to provide maximum performance up to 0.lmm with only one transducer calibration. 
Hg in non-pressurized missile compartments. Speeds are available with motor drive 
Integral from one complete scan a second, 48 
BLOWERS TIMING DEVICES pressures, to one scan per minute. Unit 
is 54%” long by 114” in diameter. 
Circle No. 212 on Subscriber Service Card. 








Guaranteed 500 hour ground operation. 
or independent heat exchangers for air or liquid 
cooling supplied to customer specifications. 





Designed to meet the most exacting requirements 
of aircraft and missiles. Models available from 


500 to 4000 VA. A lightweight Flo Gun for high pres- 
For more than a decade Western Design has sure application of sealers, mastics, caulk- | 
pioneered the design, development and manufac- ACTUATORS POWER SUPPLIES ing compounds, putties and similar ma- 
ture of unique electro-mechanical and electronic terials is made by Gray Co., Inc. 

equipment and systems for aircraft and missiles. gicg compieTe ELECTRONIC & The Graco Flo gun weighs 13 oz. 


Western Design’s large staff of scientists, engi- Body is constructed of aluminum alloy, 
ELECTRO-MECHANICAL SYSTEMS Cc ever is t a 
neers and highly skilled production personnel are control lever is manganese bronze. 


Gun has carbide valve and seat for 
at your service. trouble-free service. Flow rate is adjust- 
| able by control knob at back of gun. 
S Three outlets provide maximum flexibility. 
Circle No. 250 on Subscriber Service Card. 


HIGH PRESSURE FLO GUN 








Write for Product and Service Brochure — 
or wire or call collect— WOodland 7-235! 


WW stern 


gesign & MANUFACTURING CORP. 








SALES REPRESENTATIVE WANTED 
Aircraft Parts Co., AN & MS Hardware 
and Fittings; also complete line of other 
classes of Aircraft Parts. Must have ex- 
perience and contacts. Submit complete 














— DIVISION OF U.S. INDUSTRIES, ING. sales background by phone or letter 
ost stating area preferred. 
COLLINS ENGINEERING 
SANTA BARBARA AIRPORT, GOLETA, CALIFORNIA CORPORATION 


| 9050 Washington Blvd., 
Culver City, California 














Circle No. 67 on Subscriber Service Card. vi 
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' INDUSTRIAL + CHEMICAL « AIRCRAFT 
JT- ' : 
ile Quality Check Valves 
of several types—ball, 
n- poppet, Hy-pressure, 
re Free-flow—all metals, 
h various portings, and 
€ pressures up to 5000 psi 
ly, Pipe and tube sizes up to 2”. 
>r- 
jut 
rt. 
rt RELIEF 
a : In-line and guided piston 
a ‘ type Relief Valves. Metal or rubber seal 
b .” to \%" pipe or tube connections. Var 
‘ ious metals. Many settings to 2750 psi. 
4 Also Pilot-operated type, with 


quick unloading and silent opera- 
tion, 4%” to 2” to 5000 psi. Remote 
control pilot available 


' LOW-NOISE 
HOPPER 


of | PLUG 


Bristol's Syncroverter} chopper is now available in a low-noise, 








dt external-coil model for critical dry circuit applications. Precision-made Plug Valves for 
This new external-coil chopper virtually eliminates capaci- wide general use in brass, alu- 
r ae , a OES i a ee a delete ‘I minum alloy, or stainless steel, 
, tive coupling between signal-circuit contacts and driving Col i" to 1”. +32° to 160°F. 
- leads. Peak-to-peak noise levels are usually less than 100 micro- With Teflon plug, -65° to 
vs ‘ , - . in the order of 250°F, without lubrication. 
ht volts across a 1 megohm impedance (rms noise, in the order 0 Aluminum alloy or stainless 
1. 10 microvolts). steel. 
LONG LIFE and immunity to severe shock and vibration are 
outstanding characteristics of the new Syncroverter chopper. GLOBE 
Withstands vibration, 5 to 2000 cps, up to 30G, and up to five 
a 30G impacts on any major axis. SPDT switch action. Nominal AND NEEDLE 
it contact ratings: Up to 10 V, 1 ma. ie , Super duty shut-off valves, angle and 
“ Write for complete data on this latest addition to the Bristol offset, for up to 5000 psi service, }4” to 
g Syncroverter line. The Bristol Company, 173 Bristol Road, 2", with mounting holes, and panel 
/ ‘ mounting brackets. Also high pressure 
ic Waterbury 20, Conn. 7.31 Needle Valves for 10,000 psi. working 
. tT. M. Reg. U.S. Pat. Off pressure—proofed at 25,000 psi. One 
1. ae ike eral piece, stainless steel, 4%” to 14”. 
e 
: TYPICAL CHARACTERISTICS 
i 
Driving Frequency 
' Range: O—1800 cps 
Coil Voltage: 6.3 V sine, square, LO-TORG SELECTOR 
a pulse wave Directional flow control for serv- 
- Coil Current: 70 milliamperes ice up to 6000 psi. Balanc- 
t ‘ ; ing principle uses line pres- 
Coil Resistance: 52 ohms sure to make turning easy 
with short handle. 2, 3, 4- 
~ Phase Lag: 60° + 10° way, with various drillings. 
f . Side, bottom, and sub-plate 
. ° ’ 
Dissymmetry: 15° max. porting. Panel mounting. 
d "Switching Time: 15°+ 5° i" to 2”. 
Temperature Ranges: —55°C to 100°C or Ask for new catalog, No. 654A, 





showing entire line. 


—65°C to 125°C 
Operating Position: Any 


Distributors in principal cities coast to coast 











, Mounting: Flange; 2-hole or 4-hole saline _— seal sti itil 
Plug-in; fits 7-pin : . 
miniature socket | Bed £ SS 5 4 

*These characteristics based on sine-wave excitation, 400 cps. | - 

FINE PRECISION INSTRUMENTS eh REPUBLIC MANUFACTURING CO. 

FOR OVER 68 YEARS 15655 BROOKPARK ROAD «+ CLEVELAND 11, OHIO 








Circle No. 75 on Subscriber Service Card. 


Circle No. 76 on Subscriber Service Card. 
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Technical session under way at 1957 annual American Rocket Society meeting in New York. 


people 


Missile Engineers Meet 
to Exchange Views ae aeongg noua 


hold ponders how to get man into space. 


Martin Summerfield, left, Technical Editor of ARS publica- Joe Kauffmann, Diversey Engineering, and Cooper's Bob Ladd 
tions, emphasizes a point during ARS New York meeting. listen while Clifford Cooper recounts systems contract perils. 


American Rocket Co.'s Al Zaehringer and Bell's Rudolph Space flight enthusiasts, Maryland University's Dr. S. Fred 
Reichel delve into a field of mutual interest—rocket propulsion. Singer and Goodyear's Darrell C. Romick, chat during reception. 
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Hospitality suites solved many a problem. Here, Kurt Berman, And the wives: Pip Durant, Dr. Dorothy Simon of AVCO Re- 
General Electric, right, tackles one with a fellow rocketeer. search, and Jean Bergaust discuss rockets and other things. 


dia 5 * - . 
Ya) an 
Convair's space flight expert, Krafft Ehricke, holds a press Executive Secretary of Associated Missile & Rocket Industries’ 
conference on ARS' space flight program sent to the President. Kendall K. Hoyt talks industry with Thiokol'’s Dr. Hal Ritchey. 


Army's Lt. Col. Chuck Parkin, Aerojet's Dan Kimball and Bob G. Harry Stine, ex-Martin and now with Missile Models, 
Hirsch (back to camera) tackle a poser in rocket propulsion. Inc., and Bob Gallagher, Fenwal, await news of VANGUARD. 
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The exhibit was well covered as is proved by the crush of people shown in this picture. 


There was a 


A center of interest at the ARS exhibit was 
General Electric's display of the first stage 
engine for Martin's VANGUARD rocket. 


The Rocket Society's annual meeting featured 
a wide variety of exhibits at New York's 
mammoth Coliseum, such as this wiring. 


& 


ST 
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Missile czar Wm. M. Holaday, ARS banquet speaker, checks with ARS Pres. George Sutton. 





Navy Commander George Hoover, a Project 
ORBITER man, still wants U.S. first in space. 


Temple University's von Grosse contemplates 


i ccaion ot adie ais Ganiin Top U.S. rocket expert Wernher von Braun and m/r editor, Erik Bergaust at ARS banquet. 


AMRI Vice Chairman A. S. Mrozek of Borg 
Warner Corp. argues why’'s of missile industry. 


te, 
Allied Chemical and Dye's Frank Holloway is 


convinced there IS a future for fluorine. 


Air Force Office of Scientific Research's 
Tom Wilcox has quit to go into industry. 
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Oll FREE GAS BOOSTER COMPRES 
SOR FOR TALOS MISSILE PROGRAM 
CAPABLE OF 10,000 PS! MAX 












































HASKEL | 


ENVIRONMENTAL | 


HYDRAULIC | 
PNEUMATIC | 


TEST EQUIPMENT 


PROPULSION SYSTEM TEST UNIT FOR 
MISSILE CHECKOUT USED WITH AN 
EXTERNAL GAS PRESSURE SOURCE 
For precise testing of air- 
borne components and 
ground checkout of missile 
and aircraft systems. 
















Custom designed test 
equipment built to your 
specifications, including 
complete environmental 
test facilities. 

Brochure describing stand- 
erd units available upon 
request. 


HASKEL ENGINEERING 
& SUPPLY CO. 


1236 South Central Avenue 


Glendale 4 





California 
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Space Medicine 


by Hubertus Strughold, M.D., Ph.D. 


As recently as five years ago, space medicine was considered a 
capricious daughter of Aesculapius, the Roman god of medicine. Re- 
cently, articles on this newest medical art have appeared in even the 
most conservative journals. 

Many inquiries come to this writer from college and high school 
students asking what basic studies they should pursue in preparation for 
the practice of space medicine or related fields. Here is my answer: 
in addition to medicine, the student should make himself at home in 
mathematics, physics, chemistry, and general biology, and should have 
some knowledge of astronomy and astrophysics. 

Old fashioned though it may seem, a basic knowledge of Greek 
and Latin is recommended. These languages simplify the study of all 
scientific subjects, contribute to an understanding of the professional 
lingo, and facilitate the coining of new technical terms as they are 
needed in this pioneer field, so that they will be instantly intelligible to 
investigators in other countries. 


The chaos which results from use of different units-of-measure 
systems in science and technology is also bound to reverberate in the 
field of space medicine. Indiscriminately used by individual researchers 
are the inch, foot, yard, rod, mile, centimeter, meter, and kilometer; 
the gram, kilogram, kilopond, ounce, ton, liter, and gallon, and so on. 
The pound avoirdupois and the metric pound are equal only under zero 
gravity conditions. 

To a visitor from Mars—if one were possible—it would surely 
seem incredible that the orbital distances of satellites are expressed in 
miles when they pass over one hemisphere and in kilometers when they 
pass over another, and that their velocities are sometimes given in miles 
per hour, sometimes in kilometers per hour or knots. 

Such a conglomeration of units is highly confusing. In addition, 
transposing from one scale to another consumes a great deal of unneces- 
sary time and is a major reason for delay in scientific progress. The 
problem of translating unfamiliar terms often deters a young student 
from entering the natural sciences and engineering, thus reducing to a 
marked degree the pool of professional talent available to us. 

The adoption by the Soviet Union of modern units of measure 
in science and technology enabled them to build thousands of V-2 
rockets in a short time after World War II, because the captured blue- 
prints were written in the metric system. Thus, the Russians quickly 
acquired an arsenal of rocket vehicles for experiments, in preparation 
for more advanced rocket operations. Had they been forced to convert 
the blueprints into the arshins, poods and versts of Czarist times, they 
might have no Sputniks now. 

Some of the antiquated and unwieldy units obviously have no 
chance of surviving the present technological race. They must inevitably 
disappear. The universal tendency is toward the metric system. In 
Europe, much of Asia and South America, use of the metric scale is 
normal in everyday life, as well as in science. The sooner we bestir 
ourselves and adopt this system in all of the Free World, the better for 
our scientific progress. 

. 


The annual meeting of the American Astronautical Society, to be 
held in New York during the week of January 29th, will include a 
special symposium on space medicine. The session will be conducted by 
Col. Paul A. Campbell of the Air Force Office of Scientific Research. 
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Can a missile antenna designer predict and control 
the performance of his design? 


Tedious experimentation is a necessary requirement 
for missile antenna design. Authors R. H. Duncan 
and H. W. Haas of New Mexico A&M explain 
design parameters for different antenna installations 
(p. 167). 


High temperatures, acceleration and vibration dur- 
ing ICBM flight. How are these conditions simulated 
simultaneously in the laboratory? 


Iwo methods for combining heat, vibration and 
acceleration are explained by Charles Cohen of 
Avco Manufacturing Corp. Both methods utilize the 
well-known centrifuge with the addition of an ex- 
citer either on the arm or the hub of the centrifuge 
(p. 171). 


How important is the operation of the missile test 
stand equipment to the testing of the missile? 


R. A. Feranchak of Westinghouse points out that 
the test stands must have better inherent per- 
formance capabilities than the equipment to be 
tested. The types of electrical equipment used on 
current test stands and their operation are explained 
in detail (p. 175). 
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The Millstone Hill radar of 
Lincoln Laboratories in Westford, 
Mass., consists of an 84-foot para- 
bolic reflector mounted on a con- 
crete and steel tower 90 feet high. 
The rotating portion of the an- 
tenna structure weighs approxi- 
mately 90 tons. With a horizontal 
rotating capability of 360° and a 
vertical elevating capability of 90°, 
the antenna has a universal sweep 
of the sky. 

The high degree of precision re- 
quired by the radar made it neces- 
sary to position the antenna with 
such accuracy that the minute 
bending of the antenna tower 
caused by the uneven heating by 
the sun could not be tolerated. 
This bending was minimized by 
painting the tower white to gain 
maximum reflectivity of the sun's 
rays. 

The Millstone radar was instru- 
mental in supplying information 
on the first two Soviet artificial 
earth satellites. The detections have 
been made at remote distances 
since the first satellite was launched 
on Oct. 4, 1957. Upon contact 
with the satellites, the radar estab- 
lished range, elevation, bearing and 
doppler frequency measurements. 


photo credits: Avco, pp. 53, 172; 
Du Mont, p. 155; Martin, p. 162; 
NAA, p. 157; NMA&M, pp. 167, 
169; Westinghouse, pp. 175, 176, 
177. 











LINEAR ACCELEROMETERS 
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for Aircraft and Missiles 


ZERO CROSS-COUPLING 
NON-PENDULOUS TYPE 


Honeywell Linear Accelerometers sense positive or negative accel- 
erations or both in either the vertical or horizontal plane. Designed 
for use in aircraft and missiles, they are available in a variation of 
ranges from + 0.5 g to more than + 50 g’s depending upon re- 
quirements. These units consist of a centrally located mass 
restrained by coil springs and supported on a linear-type ball- 
bearing. Any movement of the mass on either side of the null 
displacement position is measured by a potentiometer pick-off, 
providing a high level output signal. Viscous damping is incorpo- 
rated for improved dynamic response. Zero cross-coupling is in- 
herent with this true linear non-pendulous design. (Cross-coupling 
is defined as a change in output signal caused by an acceleration 
applied from any direction in a plane normal to the sensing axis) 
Excitation may be as high as 100 volts (A-C or D-C) depending 
on the potentiometer resistance. Write for Bulletin LA . . 
Minneapolis-Honeywell, Boston Division, Dept. 45, 1400 Soldiers 
Field Road, Boston 35, Mass. 
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Shown Actual Size 


LINEAR RESPONSE 

D-C OUTPUT SIGNAL 

VISCOUS DAMPING 

HERMETICALLY SEALED 

EXTREMELY RUGGED 

WEIGHT: APPROXIMATELY 0.9 POUNDS 
ENVIRONMENT: MEETS MIL-E-5272A 


Write for Bulletin LA 
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Radar Antenna Awaits First U.S. Satellite 


Long-range radar installations cur- 
rently being used for research in bal- 
listic missile defense are ready and wait- 
ing to track the U.S. satellites once 
they are launched. 

Five additions will be made to the 
chain within a few weeks when in- 
stallations downrange at Cape Canav- 
eral are completed. Originating at 
Cape Canaveral, Fla., the range 
stretches S000 miles into the South 
Atlantic. Installations, costing $250,000 
each, are being located at Cape Canav- 
eral and Malabar, Fla., the Ascension 
Islands, Antigua, British West Indies 
and Fernando de Noronha, Brazil. 

The five parabolic radio telemetry 
antennas, weighing 35 tons each and 
featuring an aluminum reflector measur- 
ing 60 feet in diameter, will be used 
to track the test model of the three- 
stage Vanguard rocket. D. S. Kennedy 
& Co. are designers and builders of the 
antenna. 

Correlation of data from these 
antennas, will make it possible for U.S. 
scientists to pinpoint the flight of 
rockets and satellite at all times, re- 
cording each specific altitude and stage 
of flight. The radio telemetry antennas 
will be augmented in tracking era- 
tions by the Kennedy-designed Mini- 
track complex of antennas, consisting 
of flat reflectors mounted parallel to 
the ground. 

Servo systems housed within the 
antenna pedestal will permit remote 
Operation and simultaneous 360-degree 
horizontal and 90° vertical scanning. 

The largest radio telescope in the 
nation, which was recently completed 
by Kennedy at Riverside, Md. for the 
Radio Astronomy branch of the Naval 
Research Laboratory, stands almost 100 
feet high and weighs 90 tons. With it, 
U.S. Navy scientists will be able to de- 
tect objects in space at even greater 
ranges than the giant radar trackers. 
The Riverside installation is powerful 
enough to detect a one-watt signal at 
five million miles. 

Radio telescopes will detect radio 
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construction at 


Early stage of antenna 


Cape Canaveral shows radar “eye” in place. 
signals originating from _ interstellar 
space. An analysis of these signals 


helps determine the distance and com- 
position of the stars. In addition, they 
can receive signals through the “dust 
clouds” which have in the past ob- 
scured parts of the sky to optical tele- 
scopes. 

The Kennedy 


firm, the world’s 


largest producer of radar antennas and * 


radio telescopes, also manufactured the 
long-range microwave communications 
used to link U.S. radar installations. 
Kennedy antennas in the U.S., Canada, 
and Europe feed vital information to 
defense centers throughout the free 
world. 


Ultra-ultrahigh Speed 
Camera Developed 

A camera with a shutter, capable 
of taking photographs with an effective 
exposure time of five billionths of one 
second, was developed by Electro- 
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Optical Systems for solving special 
problems of a scientific nature in the 
study of intense explosions, of ultra- 
high speed shockwaves and of special 
nuclear reactions. 

The ultra-ultrahigh speed camera 
contains a hermetically sealed, large ap- 
erture, wide angle Kerr cell shutter which 
possesses no moving parts and is pulsed 
electronically to obtain photographs of 
very brief exposure times. With further 
refinements of the technique used, the 
camera may be capable, ultimately, of 
taking pictures with exposure time of 
only a fraction of a billionth of a 
second. 

To illustrate the speed of the 
camera, it has been pointed out that 
the satellite Sputnik, moving at a speed 
of approximately 18,000 miles per 
hour, would travel only one and one- 
half thousandths of an inch—a dis- 
tance shorter than the thickness of a 
human hair—during the time of one 
exposure. , 

Electro-Optical Systems, Inc., or- 
ganized in 1956, was originated to de- 
velop ultrahigh speed electronic switch- 
ing, triggering and pulsing techniques 
and is devoted to the professional field 
of the study of light, its detection, 
measurement, modulation, control and 
conversion to other forms of energy. 


Digital Computer 
Advances Studied 

Representatives of the nation’s 
leading government scientific agencies 
and the military services recently at- 
tended a seminar designed to acquaint 
the personnel with the latest advances 
in digital computer technology so that 
digital techniques might be more fully 
utilized in future governmental research 
and development. 

Meeting was conducted by the Na- 
tional Cash Register Co., electronics 
division, Hawthorne, Calif. Besides 
studying the most recent NCR achieve- 
ments in computer research and design, 
persons attending the seminar com- 
pleted an accelerated version of the 
company’s internal training course in 
computer fundamentals. 
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Sputniki Tracked by Millstone Radar 


The Millstone Hill radar of Lin- 
coln Lab in Westford, Mass., has been 
detecting and predicting the two Rus- 
sian satellites orbits since shortly after 
their launchings on Oct. 4 and Nov. 3. 
The radar has been detecting the Rus- 
sian satellite, Sputnik I and II, at re- 
mote distances. These detections have 
been assisted by, and have confirmed 
the accuracy of, predicted positions cal- 
culated from radio observations by Lin- 
coln scientists and engineers. 

Since Oct. 5, the day following the 
launching of Sputnik I, Lincoln scien- 
tists have observed by radio the pass- 
ings of the Russian satellites over the 
northeastern United States. Starting on 
the first night with a single radio re- 
ceiving equipment at the Laboratory in 
Lexington, the Lincoln effort was ex- 
panded rapidly to include observations 
from four separate locations. Tape re- 
cordings of Sputnik signals have been 
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Correlation of data from _ these 
multiple sightings has made it possible 
to pinpoint positions of the satellites with 
considerable accuracy, as well as to 
determine current and short-term future 
characteristics of the orbits. 

The Millstone radar first observed 
Sputnik Il on the morning of November 
7th at twelve minutes past five. From 
these observations, measurements of 
range, elevation, bearing and doppler 
frequency were made. At this time the 


| height of the satellite was 152 miles. 








The antenna system consists of a 
parabolic reflector, 84 feet in diameter, 
mounted on a concrete and steel tower 
90 feet high. The rotating portion of 
the antenna structure weighs 90 tons. 
With a horizontal rotating capability of 


TRANSMITTER 
PULSE 





Photograph of radar echo from third stage 
rocket of SPUTNIK | at 595 miles altitude. 


360° and a vertical elevating capability 
of 90°, the antenna can sweep the sky. 

The high degree of precision re- 
quired by the Millstone radar made it 
necessary to position the antenna with 
such accuracy that the minute bending 
of the antenna tower caused by uneven 
heating by the sun could not be toler- 
ated. This bending was minimized by 
painting the surface “€ the tower white 








to secure maximum reflectivity of the 
sun’s rays. 

The Millstone Hill radar is ex- 
pected to be used in cooperation with 
the U.S. Naval Research Laboratory in 
the project Vanguard satellite program 


Cornell Awarded 
Surveillance Contract 


Cornell Aeronautical Laboratory 
will establish an office in Washington, 
D. C. to establish liaison between scien 
tists, engineers and Army personne! 
studying the field of combat surveil 
lance. 

A two year study contract, recently 
awarded CAL by the Signal Corps, 
aims at improving systems of surveil 
lance of a battlefield by radar, infra- 
red, sonic, meteorological, reconnais- 
sance, photographic and _televisional 
means. Such information is essential to 
Army commanders who may operate 
on battlefields covering thousands of 
square miles, and employ advanced 
missile weapons. 

A profitable target for a guided 
missile might exist only a brief period 
at a distance of hundreds of miles. A 
commander of the future must be able 
almost instantly to scan a large battle 
area, locate and identify a potential 
target, prepare missile guidance infor- 
mation, launch a missile and then verify 
results of a target strike. The smallest 
tactical units must have the means of 
knowing what goes on around them and 
what lies just beyond their line of sight 

The study of combat surveillance 
has a three-fold task: 1) to evaluate all 
major programs of combat surveillance 
within the Department of Defense, 2) 
to review tactics and practices in rela- 
tion to existing and future surveillance 
programs, and 3) to devise and recom- 
mend new systems and supporting re- 
search programs to the Army Combat 
Surveillance Agency. 


Missile Recorder Survives 
Free Fall From 12,000 ft. 


An Atlas missile tape recording 
machine survived an ejection drop into 
the ocean from an altitude of 12,000 
feet. 

Ampex Corp., manufacturers of 
the recorder, did not reveal either the 
exact date or location of the event, but 
said the tape recorder performed satis- 
factorily after the drop even though 
the machine struck the ocean with a 
force estimated to have been 5000 
times the normal force of gravity. 

The tape recorder is ejected from 
the missile to preserve the flight record 
for subsequent data reduction on the 
ground. 
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Du Mont Radar Display 
Has 1000-mile Range 


Du Mont Laboratories, Inc. have 
developed a radar display indicator that 
will present signals at distances up to 
4000 miles. The presentation is made 
on a 16-inch cathode-ray tube with a 
P7 phosphor and utilizes a conven- 
tional 13 scan (range versus azimuth). 
The equipment will operate with pulsed 
radar systems of a limited frequency 
range. With an azimuth display of 
350°, the range display is zero to 4000 
miles. All equipment is housed in a 
single EIA rack. 








The 4000-mile radar indicator developed by 
R&D Div. of Allen B. Du Mont Labs., Inc. 


The radar indicator has the ability 
to pinpoint targets of interest through 
expansion of the display in azimuth 
and range. Expansion of a range sector 
is variable from a 50 to a 500 nautical 
mile sector and azimuth sectors can be 
10° minimum and 350° maximum. 
The amount of the expansion is se- 
lectable and the area to be expanded 
is automatically intensified on _ the 
screen when the equipment is operating 
in its normal mode. 


Future Moon-based 
Space Operations? 


The moon would be an _ ideal 
place to build a space fleet for con- 
quest of outer space according to 
Robert G. Wilson, assistant manager 
of the technical staff of North Ameri- 
can Aviation’s missile development 
division. At recent Aviation Writers 
Association meeting in Los Angeles, 
Wilson estimated the United States 
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Designs! Dependable Performance! 


For maximum speed in development work, it pays to elimi- 
nate every “unknown” possible! The performance of Barco 
products is a KNOWN QUANTITY. Barco Swivel Joints 
and Flexible Hydraulic Assemblies are of approved design. 
Their performance has been proved by thousands of hours 
of dependable service on active military installations, includ- 
ing Nike batteries of both original and latest improved 
“Hercules”’ type. This wide experience is yours to call upon 
in the development of your particular project. Our engineers 
will be glad to work with you on special problems and assist 
with recommendations. Ask for Catalog 269-A. 





Flexible Joints F for Handling LOX and Other Rocket Fuels 


Barco has the specially designed Ball Joint which 
has passed the official “Qualification Test”. Barco 
joints are used to provide flexibility in metal 
loading lines handling liquid oxygen, white 
fuming and red fuming nitric acid, JP 3, 4, and 
5, and other high energy fuels. Sizes 2", 3”, 4", 
6", and larger. ASK FOR RECOMMENDATIONS. 
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Dr. Nisson A. Finkelstein discusses CinemaScope equation with 
Harold Straat and Donald Mortimer 
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could land a rocket on the moon with 
a 50-pound payload within 12 months. 

We can put a man in space in 
a very short while, Scott Crossfield, 
the pilot who is to fly the X-15 re- 
entry and high-altitude research ve- 
hicle, told the writers. “We can put 
a man in space with that Sputnik—and 
bring him back,” he declared 

George Sutton, chief of pre- 
liminary design for Rocketdyne, dis- 
closed that propulsion for outer space 
missions was being studied by this 
division of NAA, and Dr. Norman 
Parker, assistant chief engineer at 
Autonetics, added that there was no 
good reason why suitable navigation 
equipment could not be developed with 
existing knowledge. 


Meteor Trails 
Eliminate Relays 

Images of printed material have 
been transmitted nearly 1000 miles 
without relays in tests conducted by 
RCA Laboratories. High-frequency 
radio signals were bounced from meteor 
trails 60 to 100 miles above the earth. 

Preliminary tests of this meteor- 
path propagation were between the 
transmitting station of the National 
Bureau of Standards at Havana, IIl., 
and the RCA Labs. radio research in- 
stallation at Riverhead, L. |., a dis- 
tance of 910 miles. 

[ransmitted material is first re- 
corded on 35mm. film and scanned to 
produce a signal similar to that used 
in television film transmission. This sig- 
nal is then transmitted through a di- 
rective antenna to the distant receiver 
A directive antenna at the pick-up sta- 
tion receives reflections during the ex- 
istence of an ionized meteor trail. A 
cathode-ray tube displays the infor- 
mation on a viewing screen. Photo- 
graphic equipment then records the 
image on the screen. 


Sputniks forerunners 
of Cosmic Flight, Reds Say 


The Russian Sputniks mark an 
epoch of “manned cosmic ships” that 
could fly to the moon and other planets 
“in a matter of a few more years,” 
according to a_ statement in_ the 
Moscow Trup. Moreover, “men will 
measure directions of sea and air 
currents, and then deserts will bloom, 
and the permafrost of Siberia, North 
America and perhaps Greenland will 
be melted.” 

The statement is signed “Acade- 
mician A. Tupolev, twice Hero of 
Socialist Toil, and holder of Lenin 
Prize.” 
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Datamaster Presents 
Graphic Tunnel Data 


Datamaster, an instrumentation 
system developed by North American 
Aviation Autonetics Division will col- 
lect and process data from the NAA 
trisonic wind tunnel in graphic form 
Due to the wind tunnel’s inter- 
mittent pressure type operation the sys- 
tem was designed so that data taken 
during a test blow can be processed 
and presented in the graphic form be- 
tween runs. This important feature will 





Datamaster instrumentation system is ad- 
justed to a measuring circuit prior to test. 


allow tunnel operators to plan the next 
test during the “pump-up” period and 
thus shorten overall test time. 

Datamaster 
systems, a data gathering subsystem 
capable of collecting information from 
144 sensing elements at the rate of 
7200 points each second, and a data 
reduction subsystem which can accept 
this information, make the desired com- 
putations and present completed charts 
in 15 to 30 minutes. 

Basically, the data gathering sub- 
system collects analog information from 
three or more types of transducers, 
converts this information into digital 
form and then records it for later proc- 
essing. The transducers include strain 
gages to measure forces, pressure trans- 
ducers to measure pressures and a 
potentiometer to measure angle-of- 
attack of the model under test. 

The data reduction subsystem’s 
function is to edit the digital data re- 
ceived from the data gathering sub- 
system, process the selected data and 
present it in the desired output form. 

NAA’s trisonic wind tunnel will 


comprises two sub- 


be capable of testing scale models of 
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LIQUID OXYGEN 


and 


NITROGEN UNITS 


For In-Plant Storage 


and Transportation 


Model 48-500 Liquid Oxygen — Nitrogen Unit 


liquid level gauge, vacuum valve and filter, 
thermocouple vacuum gauge, pressure gauge, 
A.S.M.E. code stamped inner vessels, quick 
pressure build-up system, extended stem 
valves on liquid lines, ending with Hofman 
quick couplings. 


These low-loss storage and transport units 
are skid, caster, wheel and trailer mounted 
and are available in capacities to 3500 gal- 
lons. Larger vessels for bulk liquid storage 
are sized to 10,000 gallon capacities. All 
units feature standard equipment as follows: 
bottom fill and discharge line, top fill line, 
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bon) in specified thicknesses of plate . . . This 
very flexible operation makes it possible 


to designate a desirable base or precious 
metal with a coating of another metal for 


its own particular characteristics. In our 
laboratory Tungsten wire as small as 
.00015” has been electroplated with Gold. 

. New combinations of plating on wire are 
being developed by our research staff from 
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SEE and MEASURE 
pressure distribution 





with CENTURY 
Model 20 
VISUAL MONITOR 


Visual presentation of airfoil pressure distribution is achieved 
by a major airframe manufacturer by means of the Century 
Model 20 Dynamic Visual Monitor. 


By dynamic bargraph display, simultaneous observation of 24 pressure- 
transduced signals is permitted throughout an extended range of fre- 
quencies. Variations in pressure gradient, peak pressures, as well as 
oscillations associated with sonic flow phenomena are thus presented 
in continuous analog form. 


Information presented by the Monitor permits a high degree of 
selection of those data for permanent recording by conventional tape 
or recording oscillograph process. With such discretion available, the 
great savings in data reduction time becomes apparent. 


The Monitor provides a display of the focused light beam from as 
many as 24 pencil-type galvanometers on a calibrated viewing screen, 
2.5” high x 4.0” wide. Galvanometers, flat in range of 0 to 42 cps 
with sufficient deflection sensitivity for direct coupling to most trans- 
ducers are available. Other galvanometers are available for use in 
the region of 0 to 240 cps. 


Monitoring of temperatures throughout a system or along a given 
piece of material, monitoring of vibration, flow, colorimetry and current 
are also vital applications of the Monitor. 


Century Electronics & Instruments, Inc. 


T a  alelalelaile: 





Circle No. 103 on Subscriber Service Card. 





advanced aircraft and missiles at sub- 
sonic, tramssonic and supersonic air 
speeds up to 2500 miles per hour. It 
is the largest of its type privately owned 
in the United States. 


Ampex Develops High 
Transfer Rate Computer 


A new digital computer input/out- 
put system developed by Ampex offers 
transfer rates as high as 90,000 six-bit 
characters per second. Known as the 
Ampex Digital Tape System, it con- 
sists of four interdependent items: tape 
handler, read/write heads, electronics 
and a special magnetic tape. 

To achieve the 90,000-character 
transfer rate, a FR-300 tape handler 
operates at 150 in./sec. and records 
two six-bit characters side by side on 
one-inch tape. Packing densities up to 


| 300 bits per inch are a joint contribu- 


tion of heads, amplifiers and computer 
tape. Ampex also claims greatly re- 
duced need for buffer storage, result- 
ing from the tape handler’s reliably 
repeatable start and stop times of less 
than 1.5 milliseconds. 

For utmost mechanical depend- 
ability, engineers have life-tested and 
redesigned critical components in re- 
peated stages, thereby achieving a life 
expectancy of 50-million  start-stop 
cycles. Electronics are of all-transistor 
design for fail-free operation. The Am- 
pex system is so compact that every- 
thing fits into less than 60 inches of 
19-inch relay-rack space. 

A computer tape was developed as 
part of the system because it plays a 
vital part in higher bit-packing density 
It is manufactured in dust-free facilities 
with utmost precaution taken against 
dropouts and spurious noise. A _ spe- 


| cially formulated oxide binder has mini- 


mum ruboff and is claimed to outlast 
previous “long-lived” tapes by several- 


fold. 


Vanguard Requires 


| Advanced Connectors 





Electrical connectors that must 
withstand extreme temperatures and be 
highly acid-resistant are being used for 
electrical continuance between the first 
and second stages of the 
satellite launching vehicles. 

Developed by Titeflex, Inc., the 
connectors are used for general elec- 
trical circuitry and wiring for instru- 
mentation. The connectors have proven 
their resistance to the rocket flame dur- 
ing tests. Further tests have demon- 
strated reliability to an altitude of 
115,000 ft. 


Vanguard 
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Engineer Invents 


High-heat Gauge 


C. C. Morgan, Jr., an engineer 
working for ARO, Inc., has invented a 
new-type heat measuring instrument, 
capable of recording temperatures hot- 
ter than the surface of the sun in less 
than 1/25 of a second. 


Called a “Variable Reluctance 
Heat Transfer Gauge,” this unique in- 
strument was designed specifically to 
measure heat transfer rates on test 
models in tunnel Hotshot, a hypersonic 
wind tunnel in the Gas Dynamics Facil- 
ity. This facility is one of the three 
major testing laboratories at this wind 
tunnel center of the Air Research and 
Development Command. 

Available commercial gauges were 
unable to record the heat transfer rates 
during test runs of approximately 1/25 
of a second. Morgan was called on to 
solve this problem. In six weeks, he 
produced his heat transfer gauge. 

The reliability and performance of 
the gauge have been proven by the 
amount of useable test data produced 
in tunnel Hotshot during more than 
100 test runs. Many of these tests were 
in support of the Air Force’s ICBM 
and other priority missile programs. 


General Precision 
Expands Guidance 


General Precision Laboratory Inc. 
made a third major addition to the con- 
cern’s facilities within a two-year period 
by the addition of a new 22,000 square 
foot Engineering Building. 

The structure, located on the or- 
ganization’s 69-acre property, was de- 





response occurs at approximately 8000 
angstroms. 


The 7102 is capable of very 
short time-resolution. For an input 
pulse having a duration of one milli- 
microsecond or less, the time spread of 
the pulse at the anode is about 5 milli- 
microseconds, measured at 50 percent 
of the maximum pulse height. This 
time spread corresponds to an electron 
transit-time spread of about 4 milli- 
microseconds. The transit-time spread 
can be reduced to about 2 millimicro- 
seconds by irradiating only a small 
central area of the photocathode. 





Midwestern Acquires 
Data Storage Co. 


Midwestern Instruments, Inc., Tul- 
sa, Okla., has purchased the Data Stor- 
age Devices Company, Van Nuys, Calif. 

Midwestern purchased the entire 
assets of the company for an undis- 
closed sum, consisting partly in cash 
and partly in the common stock of Mid- 
western, and will move the entire oper- 
ation from Van Nuys to Tulsa in the 
immediate future. 

Midwestern will also establish a 
West Coast Service Depot in the build- 








or missile systems. 


@ 4Stage Compressor delivers 15 SCFM of dry air at pres- 


sures to 5000 PSIG. 


@ Kahn's High Pressure Automatic Dryer provides dryness of 


minus 65 degrees F. or lower dew point. 


Now get the facts on Kahn’s versatile new 
Portable Air Stand. This dependable, porta- 
ble equipment provides HIGH PRESSURE 


— dry air or nitrogen for pressurizing aircraft 








signed to meet the requirements of ex- | 
panding activities in the field of mili- | 


tary electronics. 
facilities for company engineers and 


It provides increased | 


other technical personnel engaged in | 


research, analysis, design and instru- 
mentation of missile guidance systems. 


RCA Introduces 
Red Phototube 


A 10-stage, head-on type of multi- 
plier phototube intended for use in the 
detection and measurement of low-level 
red and near-infrared radiation, was 
disclosed by the RCA electron tube 
division. 

Known as the 7102, it is well 
suited for use in red and near-infrared 
spectrometry, infrared ranging, astro- 
nomical measurements involving near- 
infrared radiation, optical pyrometry, 
and in applications utilizing near-infra- 
red radiation for communications. It 
will cover the spectral range from about 
4200 to 11,000 angstroms. Maximum 
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KAHN’S HIGH PRESSURE PNEUMATIC ACCESSORIES TEST STAND 


Highly versatile 3-Station Component Test Stand deliv- 
ers 5000 psi. air at minus 65 degrees F. dew point. Tests 
components such as Pressure Switches, Solenoids, Cyl- 
KAHN’S INTERLOCK SAFETY feature 
prevents component tampering under pressure. 


inders etc. 
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COST CONTROLS e TECHNICAL PUBLICATIONS 
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15 West 44th Street, New York 36,N. Y. 
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3 WATTS at 70°C 





1 WATT at 200°C 


=1%!! 


MEPCO TYPE P3 Power wire wound resistor 
has found immediate acceptance due to its small 
size and high power and temperature capabilities. 


CHARACTERISTICS: 








Size: 13/16” x 1/4” 
Leads: 112” #18 hot solder coated 


Wattage: 3 watts at 70°C 
derate to 0 at 275°C 


Protection: Multiple coats baked 
silicone resin 


Resistance: 1°) to 6.5K 
Tolerance: 1% standard .1% to 5% special 
Temperature Coefficient: .0020/°C 


Insulation: Multiple coatings of 
Baked Resin Finish 


Dielectric: 1000 V RMS Min. 
Moisture: Characteristic G MIL-R-26C 


Other types from 2 to 15 watts 
Request Catalog WC-1 


MORRISTOWN 


inc. NEW JERSEY 
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ing presently occupied by Data Stor- 


age Devices, but are moving all of the 


equipment and key personnel and their 
families to Tulsa 

Prior to the acquisition, Midwest- 
ern was a large customer of the Data 
Storage Devices magnetic recording 
heads, using them in their Magnecord 
professional tape recorders and in their 
ground station and aircraft and missile 
magnetic tape instrumentation systems 

The new division will continue an 
active research and development pro 
gram to develop new and better prod- 
ucts in the magnetic memory field, and 
also build special types of magnetic re 
cording heads and memory drums 


Aveo Shifts to 


Computer Block System 


Electronic building blocks have 
made possible a new kind of high- 
speed electronic computer small enough 
to fit in a standard-size office desk and 





Engineer compares ‘"‘transistorized logical 
building block’ with printed circuit diagram 
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Detailed view of Avco's new computer 
“transistorized logical building block.” 
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which requires no elaborate air-condi- 
tioning or cooling system. The tran- 
sistorized building blocks were devel- 
oped by Avco Manufacturing Corp. 
research and advanced development 
division at Lawrence, Mass 

The blocks come in eight varieties, 
all measuring an identical two and one- 
half inches long, two inches wide and 
one-half inch thick. Incredibly rugged, 
they are designed to operate without air 
conditioning or heating apparatus in 
temperatures ranging from 185°F to 
58° below zero. 

A standard. mounting rack of 25 
blocks is only 19 inches long yet it 
replaces dozens of vacuum tubes and 
yards of wiring. The blocks make major 
use of transistors and printed circuits. 

These tiny, solid-state electronic 
elements provide a complete unit for 
an “on-off” switching circuit or other 
common computer function. The units 
enable the computer designer to jump 
from his symbolic drawings or equa- 
tions directly to the desired circuit 
without the delay of an electronic de- 
sign stage. The blocks may be com- 
bined in virtually any way the designer 
wants without undue concern over cir- 
cuit limitations encountered in other 
computers. 


Electronics Sales 
By Mail Order Begun 


By applying a “Sears-Roebuck” 
approach to. the electromechanical 
field for the first time, Servomech- 
anisms, Inc. will make available a com- 
plete line of more than 200 compo- 
nents most frequently used in control 
equipment for automatic operation. 

The equipment will include pre- 
cision amplifiers, potentiometers, modu- 
lators, power supplies, precision bread- 
board equipment and a variety of func- 
tionally packaged units. The Mechatrol 
Division will stock “on the shelf” not 
only its own equipment and compo- 
nents but those of other manufacturers. 
Those items which require special en- 
gineering will not be available through 
the new technique. 

All products in the catalog are 
said to be of highest quality and 
have been qualified to assure maximum 
performance within a wide range of 
operating conditions. The components 
can be utilized by engineers engaged 
in the manufacture of airborne compu- 
ter devices as well as those in the in- 
dustrial control fields. 

In addition to creating a single 
source of supply, the company’s plan 
for immediate mail delivery is designed 
to save up to 18 weeks and eliminate 
time lags. 
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NOW in ONE temperature transducer. 
FOR TELEMETERING AND CONTROL. 


AR ~502/°E. 


WIDE RANGE o --550°F 








320°F 


+—_—— RESISTANCE INCREASES OVER 40,000 ohms, —————m 


@ continuous output 0 to 5 volts in bridge circuit 
without amplification or power commutation. 
models with pressure rating up to 12,000 psi. 
for use in highly corrosive gases and fluids. 
meets MIL-E-5272A. 

special transducers to -++- 2,200°F. 





FAST DELIVERY . . . standard items in stock 
REPRESENTATIVES IN PRINCIPAL CITIES 
Write for information on TELETEMP — a complete, 
miniature system for telemetering temperatures ; and 
TEMPRO — a measuring and warning system for aircraft 
and industry. 
e CARDINAL INSTRUMENTATION CORPORATION 
Dept. B-3, 4201 Redwood Ave., Los Angeles 66, California 
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Tricon furnishes contact assemblies to the electro- 
CONTACT mechanical industry and specializes in missile con- 
trol applications. At Tricon you have a team of 
TRICON specialists in the manufacture of switch and relay 
spring-blade components, as well as precious metal 

contacts and assemblies. 
FOR The FINE PARTS WELDING AND BRAZING 


DEPARTMENT at Tricon is available to semi- 
conductor manufacturers for the precision assembly 

CONTACTS of diodes and transistors. Make a good connection 
and contact Tricon for contacts. 


PRECIOUS METALS FOR ELECTRONICS 


8008 South Wallace Street « Chicago 20, Illinois 
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Missile Master System Now In Operation 


The Army Air Defense Com- 


mand’s Missile Master air defense con- 
trol system has been placed on opera- 
tional status at Ft. Meade, Md. 
Developed by the U.S. Army Sig- 
nal Engineering Laboratories at Fort 
Monmouth, N.J., in conjunction with 







The Martin Co, of Orlando, Fla., the 
electronic system will control and co- 
ordinate the fire of the Army’s air de- 
fense weapons. The Nike will be the 
first missile to be controlled by the 
system. 

Target can be selected economi- 





~ ~\ 





Missile Master consoles manned by Army personnel. From left: M/Sgt MacDonald of Pitts- 


burgh, Pa., Lt. Lugenbeal of Cambridge Springs, Pa., 





and Major Richardson of Danvers, Mass. 
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D-B AXIAL-FLOW BLOWERS 


SMALL—LIGHT WEIGHT — RELIABLE 


for 


AIRCRAFT and ELECTRONIC APPLICATIONS 


We welcome inquiries — 


VES DEAN & BENSON RESEARCH, INC. 


16 RICHMOND STREET 
PHONE GRegory 1-1600 


CLIFTON, NEW JERSEY 
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cally, with control of each Nike re- 
tained by local battery commanders. 
Preselected targets in an attacking air 
fieet will be designated for destruction 
by Missile Master to individual batteries 
of a Nike network. Prior to Missile 
Master, the antiaircraft batteries were 
controlled and coordinated by voice 
telephone from a central defense com- 
mand post where targets were plotted 
manually on a map of the area. 


The increase in speed of attacking 
aircraft and the accuracy of the Nike 
missile has necessitated the development 
of a rapid automatic electronic system 
for transmission and coordination of in- 
formation. The Missile Master system 
electronically stores all information on 
targets in the area and presents it on a 
[V-like picture tube in a_ simplified 
torm. This is in addition to its instan- 
taneous transmission function. Although 
the system operates independently, it 
also has the capability of coordinating 
the fire of Nike batteries in coopera- 
tion with the Air Force SAGE inter- 
ceptor aircraft control system in the 
overall defense of the continental U.S 


Cook Furnishes 
Tracking Equipment 


Equipment to track Vanguard will 
include Cook Electric Research Labor- 
atories’ askania cine-theodolite acquisi- 
tion and drive equipment (ACTADE) 
and radar acquisition visual-type equip- 
ment (RAVE) on cine-theodolites. This 
equipment, already used to track the 
Russian Sputniks, is currently in use at 
the Patrick Air Force Base test missile 
range. 


Stavid Develops 
Pygmy Radar Beacon 


Stavid Engineering, Inc. has de- 
veloped an extremely subminiaturized 
radar beacon slated for use on the 
North American X-15. The unit, weigh- 
ing six pounds and measuring two and 
a half inches in diameter, is used for 
tracking by radar from the ground, or 
for identification when several aircraft 
are involved 


Genisco Provides 
Missile Accelerometer 


Genisco, Inc., Los Angeles instru- 
ment and test equipment manufacturer, 
has received a $250,000 contract award 
for a missile guidance accelerometer. 


The accelerometer is a standard 
instrument modified to withstand the 
shock and vibration experienced in bal- 
listic missile flight. Delivery will con- 
tinue through 1958. 
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Tube Survives 
Missile Explosion 

During a recent missile firing that 
resulted in a mid-air explosion, an 
electronic oscillator survived a 1% 
mile free-fall impact against the sea 
and later proved to be precise within 
0.01% of its ideal operating frequency. 

The device was a precision klys- 
tron oscillator developed by Sperry 
Gyroscope for guidance and data sys- 
tems being produced for several mis- 
siles. It was returned to Sperry elec- 
tronic laboratories for study by shock 
and vibration experts. 


Ion Rockets Reported 
Feasible and Practical 


C. W. Guy, Assistant General 
Manager of Rocketdyne, reports that 
a useful ion rocket engine can be built 
and operated “with modest extensions 
of existing technology.” 

An ion engine, developing thrust 
through the high-velocity discharge of 
ionized particles, would make possible 
unmanned space vehicles capable of 
sustained flight and directed orbits 
about any planet in the solar system. 

Guy said that extensive studies by 
Rocketdyne have concluded that ion 
propulsion is a practical possibility and 
that such engines “would open a new 
era in propulsion and offer an imme- 
diate extension of the nation’s satel- 
lite program” to reconnaissance in the 
solar system. ; 

An ion-propelled vehicle nick- 
named Snooper, suggested before a 
meeting of the American’ Rocket 
Society, would carry television, radar 
and other scientific instruments to send 
information back to earth. Unmanned, 
it could be directed to orbit about the 
solar system to collect “significant 
planetary data.” 


Electronic Autocollimator 
Developed by Davidson 


A new electronic autocollimator 
which may be used for high-precision 
monitoring of stable platforms in guid- 
ance systems, to monitor gyros of al- 
most any type, or to calibrate acceler- 
ometers has been developed by the 
Davidson Mfg. Co., West Covina, Calif. 

Already in use by Northrop Air- 
craft, Inc. and the Arma Division of 
American Bosch Arma Corp., the new 
device may also be applied to small 
angular checks of pickup mirrors in 
guidance systems as well as checking 
surface plates, lathe beds, etc. 

In one application, the electronic 
autocollimator has been mounted on a 
theodolite base and used to check the 
precise launching position of a missile. 
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IMPORTANT DEVELOPMENTS AT JPL 


Teamwork in Missile Development 


The Jet Propulsion Laboratory provides a wide range of 
research and development activities. Projects include prob- 
lems in the fields of Electronic, Mechanical, Aeronautical, 
Chemical and Metallurgical Engineering, Physics and 
Mathematics. , 

The fluid character of these activities provides a keen 
incentive to JPL engineers and scientists. These men are 
given wide latitude and unusual individual responsibility— 
at the same time working as a thoroughly integrated team 
on all aspects of entire missile systents rather than on 
certain highly specialized missile components. 











JOB OPPORTUNITIES NOW IN THESE FIELDS 

SYSTEMS ANALYSIS + INERTIAL GUIDANCE + COMPUTER EQUIPMENT 
INSTRUMENTATION «+ TELEMETERING + FLUID MECHANICS + HEAT 
TRANSFER * AERODYNAMICS «+ APPLIED PHYSICS + PROPELLANTS AND 
MATERIALS RESEARCH U.S. CITIZENSHIP REQUIRED 
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JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 


PASADENA + CALIFORNIA 
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Avco today 


Crosley 

Height Finder . 
has range, 

will travel 


Mightv radar stations are the fixed 
listening posts of America’s continenta 
air defense system. But thev are not 


enough. Troops on the move also need 


Warning Of approaching hostile aircraft 
A new radar was needed. It had to be 
light enough for easy transport, tough 
enough to withstand campaign conditi 
and powerful enough to scan heights 
beyond the reach of any device previous 
available. The assignment of designing 
building and producing it was given 

to Avco’s ( ‘roslev Division. The M Ps- 
height finder is the result. Working in 
cooperation with the ARDC’s Rome (N,} 
Au Development Center. Croslev has 
given the Air Force and Marine Corps 
another great contribution | 


national defense 
THIS IS AVCO 


Avco today is a diversified organizatiot 
whose products in¢ lude aircraft powel 
plants and structures, electronics for 
defense and industry, and specialized 
home and farm equipment. Avco’s 


divisions and subsidiaries 


Lycoming iviation, marine and indust 
powell plants Croslev—electronics svst 
and aircraft structures American 
Kitchens—kitchen equipment ind 
irchitectural porcelau New Idea a 
zee Flow specialized farm equipment 
Research and Advanced Development 
missile and allied researc! (rosie 


Broadcasting Corporation—the WLW 
lio and TV group . . . Moffats Limit 


Avco Manufacturing Corporation 


420 Lexington Avenue, New York, N.! ‘ 
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by Henry P. Steier 


SPEED OF RUSSIA’S SPUTNIK I at the beginning of its orbiting was about 
17,000 mph. This was revealed by the British Broadcasting Co.'s 
engineering measurement and receiving station at Tatsfield after meas- 
urement of Doppler shifts of the 20.005- and 40.002-megacycle trans- 
missions from the satellite. 

RUSSIAN REASONS FOR CHOICE of those two frequencies has perplexed 
Western designers of satellite astrionics. British say when results of 
signal reception over longest path lengths are analyzed, choice of 20 
and 40 me may be found “particularly fruitful.” This is because these 
frequencies will provide new data on ionospheric propagation—a big 
unknown in astrionics work. 

ALSO REPORTED BY THE BRITISH was data on mode of transmission 
from Sputnik I. At first, transmissions were keyed so that the carrier 
waves were pulsed first on one frequency and then the other. This 
was done twice a second. Later speed of keying was increased and 
the pulse length shortened. Finally the “bleeps” disappeared altogether. 

RELIANCE ON U.S. KNOW-HOW in manufacture of semiconductors is noted 
in recent establishment of facilities in Britain for producing the 
devices. Texas Instruments Ltd., subsidiary of Texas Instruments Inc., 
U.S.A., recently opened a plant at Bedford, G.B. Westinghouse Electric 
International, New York, and Westinghouse Brake and Electric, G.B.. 
are working together in Great Britain on semiconductors. Another com- 
pany, Semiconductors Ltd., was formed by Plessey and Philco. 

STUDY OF METEOR ORBITS IS UNDER WAY by a research team with 
the U.S. Army Transportation Research Engineering Command. They 
want to learn how many, if any, meteors have hyperbolic orbits. A 
hyperbolic orbit, they say, would indicate the meteor has come from 
beyond the solar system. Parabolic and elliptical orbits indicate a 
meteor is a member of the solar system. So far no hyperbolic orbits 
have been detected. Also, they would like to find if any of the meteors 
show evidence of being composed of antimatter. 

AIR FORCE HAS TAKEN A NEW STEP to get ready for operation of the 
SAGE (Semi-Automatic Ground Environment) system. RAND Corp. 
has transferred a $20-million contract to the newly formed System 
Development Corp. which will take on two SAGE tasks. These are 
development, installation and maintenance of a system-training program 
for the SAGE system, and programming of the SAGE computers. System 
training will involve exercises by Air Defense Command to develop 
personnel proficiency. Programming involves setting up instructions 
that tell computer what to do. 

CANADIANS ARE TAKING ISSUE with capability of present U.S. air de- 
fense plans to protect key Canadian cities from enemy attack. Kk. R. 
Patrick, president of Canadian Aviation Electronics, recently noted 
there is insufficient depth of continuous radar cover northward to allow 
even supersonic aircraft to intercept enemy bombers before reaching 
Canadian targets. He was talking of ground-control interception such 
as provided by SAGE. If missiles such as the Bomare are used, such 
automatic control is a “must.” DEW and Mid-Canada Lines are merely 
warning lines with no control function. They warn the Pinetree Line 
near U.S.-Canadian border which is the first outpost with actual control 
capability. 

INTERNATIONAL GEOPHYSICAL YEAR PLANNERS recently decided to 
add another Minitrack tracking station to the United States and South 
American network. A complete station including antennas and data- 
handling equipment has been given to the Union of South Africa for 
installation near the southern tip of that country. The U.S. satellite 


will pass over that area during its first orbit. Unlike the case of our 


South American Minitrack posts, the South Africans will, as usual, 
pay their own way by maintaining and operating the equipment at 


their own expense. 
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Dow high temperature magnesium allovs 
have excellent fabrication characteristics 


Lightweight structural metals with high 
strength, stiffness and elasticity at elevated 
temperatures! A new group of Dow mag- 
nesium alloys offers a great combination 
of these properties without the fabricating 
difficulties normally experienced with other 
high temperature materials. 


Specially developed for use in airframes, 
missile and engine structures, the new 
alloys are already making weight reductions 
possible for several manufacturers. These 
alloys show advantages at temperatures up 
to 700°F. Limited test data on properties 
up to 800°F. are available for some of them. 


FABRICATION: Fabrication characteristics 
are equal to those of standard magne- 
sium alloys. 


WELDABILITY: 95 to 100% weld effi- 
ciency at elevated temperatures. 


FORMASBILITY: Single deep draws can 
be easily accomplished. 


MACHINABILITY: Best machining char- 
acteristics of any structural metal. 


One of the new alloys is magnesium- 
thorium composition HK31A. It is now 
available in rolled form from stock. Cast- 
ings and sheet in mill quantities are also 
readily available. A companion alloy for 
extruded shapes and forgings will soon be 
in production. 


For more information about the new high 
temperature magnesium alloys, contact 
your nearest Dow Sales Office or write 


YOU CAN DEPEND ON 


Circle No. 90 on Subscriber Service Card. 


to THE DOW CHEMICAL COMPANY. Magnesium 


Sales Department MA 326XX, Mid- 


land, Michigan. 





EASILY FORMED. These HK31A parts 
were drawn using production dies and 
yrocesses for standard magnesium alloys 
The parts retained a higher percentage of 
original properties than standard alloys. 
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Environment is the major consideration 


in missile antenna design and testing 


ERFORMANCE of a missile an- 

tenna is intimately associated with 
much or all of the missile structure. 
In many cases it is essentially impos- 
sible. to define clearly what part of the 
structure is to be identified as the 
antenna. 

Consider a fin-notch antenna and 
its associated radiation pattern as 
shown in Fig. 1. Radiation from cur- 
rents excited on the fin and body sur- 
faces is as important as any direct 
radiation from the notch itself. Al- 
though this antenna is a success from 
a practical point of view, its mode of 
operation is sufficiently complex to 
defy theoretical analysis and control. 

Satisfactory final design can be 
arrived at only through a tedious proc- 
ess of experimentation. This must be 
done separately for every type of 
missile in which the fin-notch is used. 

Fortunately, the fin-notch antenna 
is an extreme example. It has helped 
to emphasize the point that the missile 
antenna engineer may have to resort 
to sheer empiricism in order to accom- 
plish his task. Of course, empirical 
evaluation and adjustment are impor- 
tant phases of any design. 

Often, an idealized counterpart of 
an actual problem can be found which 
is well understood from a theoretical 
point of view. When this can be done, 
the capacity of the antenna engineer 
to predict and control his final results 
is greatly enhanced. The degree to 
which a missile antenna is comparable 
to a theoretically determinant configu- 
ration is one of its most important 
properties. It is the property which 
determines the best mixture of theory 
and empiricism needed to arrive at a 
final design. 

Every radiation pattern is com- 
pletely specified by its associated 
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missile antenna engineering 


by R. H. Duncan and H. W. Haas 


Physical Science Lab 
New Mexico A&M, State College 


power, phase and polarization patterns. 
Detailed knowledge of all three is 
rarely required. 

As a general rule, if the wave- 
length of the radiation is comparable 
to the missile size, one is very limited 
in his ability to specify and produce 
a radiation pattern. For example, at 
50 mc/s, \ = 6 meters and one should 
not expect to do more than specify 
whether most of the radiation should 
be aft, forward or broadside to the 
vehicle. At X-band, A 3 cm and 
it is possible to use arrays of single 
units to produce shaped beams. 

An important aspect of any radia- 
tion pattern is its symmetry. For ex- 
ample, the properties of the fin-notch 
antenna are symmetric about a plane 
containing the notched fin and the 
axis of the missile. Experimentally 
determined patterns must always be 





checked for symmetry; appreciable de- 
viations from the appropriate sym- 
metry properties indicate errors in 
pattern measuring technique. 

The DOVAP (Doppler velocity 
and position) system ideally requires 
either a roll-stabilized vehicle or an 
antenna pattern which is completely 
symmetric about the missile axis. If 
a DOVAP antenna is mounted on the 
side of a vehicle so that there is only 
one plane of symmetry in the radia- 
tion pattern, it is extremely difficult to 
separate roll and space positions of 
the vehicle from the DOVAP data. 


Impedance and Bandwidth 


As with all antennas, missile an- 
tennas should be properly matched 
to their transmission lines at the central 
operating frequency. The impedance 
should not vary appreciably over a 


Fig. |—Fin-notch antenna and its associated radiation pattern. 
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what are your’ 
missile power problems? 


~~ STARTING? 


Here is a rocket-motor starting 
igniter engineered by Beckman & 
Whitley. Threads into the 
propellant chamber and withstands 
its pressure. Arms and disarms 






remotely, electrically; provides 
status signals, electrical and 
visual. How about one to your 
specifications ? 


SEPARATIO 


This tiny guillotine severs 
electrical or hydraulic lines 
explosively by electrical command 
signal, can be equipped with 
wide range of squib provisions 
—two examples are shown. 
Many specialized types with 
cutting diameters to 4 in. 

have been produced. 

What can we do for you? 


- DESTRUCTION? 


Acceleration-integration mechanisms 
in this Beckman & Whitley arming 
and firing device are in duplicate for 
ultimate reliability. Total arming time 
adjustable from 2 to 8 sec. Has 
automatic reset, electrical primer 
safety switching and return 
telemetering circuitry, is adjustable 
for acceleration in either direction. 
Other types include lanyard and 
electrical arm/disarm canister and 
primacord destructors. If your problem 
is different, let us hear from you. 


Pre-packaged explosive power units provide higher 
reliability and greater power for a given weight 
and volume of space than any other actuation 
method. Some of the many other applications to 
valving, ejecting, fracturing, etc., may be interest- 
ing to you. Just ask us. 


Beckman ¢ Whitley 
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bandwidth which is compatible with 

requirements in remaining parts of the 
| system. Sharply tuned, narrow-band 
| antennas often can be used as a safe- 
| guard against adjacent channel inter- 





ference. 

Broad-band antennas often have 
the advantage of being insensitive to 
small changes in parameters so that 
machining tolerances are not critical. 

It is often desirable to achieve 
impedance as a function of feed point, 
the junction between the antenna and 
its transmission line. When this can 
be done, matching sections are not 
required in the design. 

| 
| Adjustability 

Adjustability of a good design is 
not unrelated to impedance matching 
and bandwidth. Narrow-band antennas, 
especially, should contain some device 
for shifting somewhat the operating 
frequency. This allows easy compensa- 
tion for machining errors as well as 
flexibility in field operations. 


Aerodynamic Requirements 


Missile antennas should be light- 
weight and _ inconspicuous. Flush 
mounting is not always possible and 
plans to attach protuberant gadgets 
to a missile must be coordinated with 
those responsible for aerodynamic de- 
sign. Airflow and drag are not the 
only considerations; many designs re- 
quire stress analysis as well. 


Insulation 


During portions of a_ missile’s 
flight the atmosphere pressure is such 
that the electric field about a trans- 
mitting antenna can initiate a glow 
discharge. This often occurs at about 
30 miles altitude, although the exact 
conditions for producing a glow dis- 
charge involve’ transmitter power, 
transmitted wave form and the antenna 
configuration as well as altitude. 

The glow discharge absorbs power 
from the signal and effectively term! 
nates communication with the missile 

A sketch of transmitter power re 
quired to cause the glow discharge ts 
shown as function of altitude. The 
curve has a definite minimum so that 
is altitude is increased the glow will 
be extinguished and the signal restored 

Tedious experimentation with the 
antenna configuration is required to 
reduce the range of altitudes in which 
this effect occurs. Its complete elimina- 
tion cannot always be achieved 

An entirely different kind of 
breakdown can occur at altitudes of 
70 miles and more. If an electron 1s 
accelerated across the antenna gap by 
the applied r.f. field, it will knock out 
secondary electrons when it strikes the 
metallic boundary surface of the gap. 
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Fig. 2—Longitudinal slot antenna. 


If the frequency, field intensity and 
gap spacing are just right, these in turn 
arrive at the opposite surface in time 
to produce more secondaries at the 
beginning of the next cycle. After a 
few cycles, all of the transmitter power 
is being used to sustain the process. 

This phenomenon can occur in 
the complete absence of atmosphere. 
It is definitely a resonance effect and, 
as such, can be initiated by only a 
few volts of applied r.f. potential. 
It can easily be prevented in a notch 
antenna by simply filling the gap with 
dielectric material. 

An ideal missile antenna has a 
theoretical counterpart which is well 
understood: it provides precisely the 
power, phase and polarization patterns 
required by the systems designer. Im- 
pedance is matched to that of its 
transmission line over a bandwidth 
compatible with the rest of the system. 
It is tunable and its operation is 
stable over the full range of in-flight 
temperatures and it does not stress or 
weaken the missile structure. It is light- 
weight, does not contribute appreciably 
to aerodynamic forces on the vehicle 
and, finally, it is immune to gaseous 
discharge and _ electron resonance 
breakdown. 


Longitudinal Slot Antenna 


The longitudinal slot antenna, Fig. 
particularly simple _ flush- 
antenna which provides a 
radiation pattern broadside to the 
missile. The radiation pattern shown 
is for a plane containing a half wave 
slot and the missile axis.. Back-lobe 
radiation is a function of missile cir- 
cumference and wavelength; it de- 
creases to a negligible amount when 
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Silver and Saunders have solved 
the theoretical problem of radiation 
from a window of arbitrary shape in 
an infinite cylinder. Their solution con- 
tains a theory of this type of antenna 
as a special case. Surface waves of 
current excited by the slot travel 
around the cylinder and diminish 
rapidly in amplitude with longitudinal 
distance from the slot. Thus, since only 
a small section of cylinder in the 
neighborhood of the slot is involved, 
infinite cylinder theory can be applied 
to short cylinders. 

The thin rectangular slot is in- 
herently a narrow-band device. How- 
ever, other slot shapes can be used to 
obtain some increase in bandwidth 
when this is needed. 


Transverse Slot Antenna 


The totally circumferential slot 
antenna is an example of this type. 


(The pattern shown is for a complete | 


missile with fins and nose cone attached.) 
To see how it is built, imagine that the 
missile is made in two sections with the 


ends of each section being closed by a | 
metallic bulkhead; these two sections | 
are then bolted together across a cir- | 


cular slab of dielectric material. Dielec- 
tric material is also used for the bolts. 


The parallel bulkheads form a 
radical transmission line which can be 
fed by a probe extending through 
either bulkhead and into the dielectric 
material. It has flown successfully as 
a telemetry antenna in small upper 
atmosphere research rockets. 

A transverse slot antenna need not 
be totally circumferential. Also, the 
somewhat drastic mechanical construc- 
tion described above for telemetry fre- 
quencies can be dispensed with at 
higher frequencies. An X-band slot 
would be about % inch long and 
backed by a small, probe-fed cavity. 

Surface currents excited by trans- 
verse slots travel longitudinally and are 
reflected from the ends of the missile. 
The “antenna” in this case is the entire 
missile. 


Quadraloop Antenna 


The quadraloop antenna is so 
called because of its resemblance to 
a quarter of a loop. It is nominally 
a quarter wave long. Thickness, height, 
width and feed point location are used 
to control impedance and bandwidth. 


Complete theoretical analysis of this | 
type of antenna is essentially impossible, | 


but a crude pattern prediction could 
be made by replacing the quadraloop 
with a bent wire and using Carter’s 
theory for antennas near cylinders. Its 
use involves an aerodynamic penalty 
which decreases with wavelength; at 
X-band the quadraloop is about the 
size of a fountain pen clip.* 


IF YOU NEED 
Linear Accelerometers 
Angular Accelerometers 
Gage Pressure Transducers 
Absolute Pressure Transducers 


Differential Pressure Transducers 


in your instrumentation 
programs, please outline your 
requirements so we may submit 
specific recommendations. 


WHEN THE NEED 
is TO KNOW...FOR SURE 
SPECIFY STATHAM 
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NEW RATE SWITCHES 
OFFER SUPERIOR SENSITIVITY 


New rate switches now in production at Humphrey, Inc. 
for virtually all major missile programs offer rate ranges 
from 1° per second to 500° per second. A rate switch can 
also be supplied that has external adjustments for rate, sav- 
ing time and money on experimental programs. 

Rate switches are available for either a-c or d-c power. 
They are equipped with primary switches that handle up 


Humphrey = 


to 100 ma. For higher ratings, the instruments can be fur- 
nished with built-in relays. 

These rate switches withstand tough environmental 
conditions. Typical specifications are: temperature— 
—65°F to +165°F; acceleration — 80G; shock — 80G for 
5 milliseconds; and vibration — + 10G to 2000 cps. 

Write and tell us about your rate switch requirements. 


DEPT. M-18 2805 CANON STREET 





ELECTRO - MECHANICAL 





IN< 


SAN DIEGO 6, CALIFORNIA 


STRUMENTS 


FOR COMPLETE SYSTEMS. SPECIFY HUMPHREY GYROSGCOPES. ACCELEROMETERS. POTENTIOMETERS 
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centrifuge test system 


OMPONENT RELIABILITY de- 

mands of unmanned vehicles have 
increased the importance of simulated 
flight environment in laboratory test- 
ing. One of the difficulties of simula- 
tion is that the flight environment 
stresses COmponents in many ways si- 
multaneously. In particular, the inter- 
continental ballistic missile experiences 
high levels of heat, sustained accelera- 
tion and vibration, which act together 
to induce failures during powered 
climb and again during atmospheric 
re-entry. 

Combining temperature and either 
vibration or sustained acceleration does 
not present any great difficulties. Two 
methods that readily suggest themselves 
to combining vibration and sustained 
acceleration are mounting a vibration 
exciter at the end of a centrifuge arm, 
or shaking the hub of a centrifuge with 
a vibration exciter. 

Previous attempts to work out the 
design of a centrifuge, incorporating an 
exciter mounted at the end of the arm, 
were discarded as economically un- 
feasible. Exciters available commer- 
cially were large and cumbersome, and 
would require extensive redesign of 
flexures and other components to with- 
stand sustained accelerations of any 
magnitude. The advent of hydraulic 
exciter systems may now permit the 
design of a large-capacity vibrating 
centrifuge which would be econom- 
ically feasible. 

A small vibrating centrifuge was 
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How temperature, acceleration 
and vibration test facilities 


can be combined 


by Charles Cohen 


Avco Manufacturing Corp. 


designed and built by Raymond En- 
gineering Laboratory of Middletown, 
Conn., utilizing a flexible drive shaft 
for the rotating arm. The arm hub, 
mounted in a floating bearing, was 


shaken horizontally by an electrody- 
namic exciter through a push-rod. This 
system produced a radial acceleration 


vector with an imposed rotating vector 
in the same plane. 

To determine the feasibility of 
combined environmental testing, Avco 
Research and Advanced Development 
Division initiated the development of 
a test facility in which a component 
could be subjected to extreme tempera- 





Overall view of the combined environmental test facility with temperature conditioning equip- 
ment in background. Facility is now in operation in the lab test section at Avco. 
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tures, sustained acceleration and vi- 


bration simultaneously. 

In order to obtain a test facility 
as early as possible, and with a mini- 
mum of design effort, readily available 
commercial equipment was adapted. 
The following performance specifica- 
tions for the test facility were selected 
as a compromise between the antici- 
pated missile environment and the per- 


formance limitations of available 
equipment: 
Weight of test specimen 25 Ibs. 


Size 
Sustained Accel. 


18” x 18” x 18” (approx.) 
variable from | to 75 g 


Vibration freq. range 20 to 500 cps 
Vibration level 10 g max. 
Temp. range —65° to +250°F 


The basic units selected to be 
adapted for the test facility were a 
Genisco C-159 centrifuge and an MB 
C-25H vibration exciter system. The 
centrifuge has a capacity for a 100-lb. 
specimen and an infinitely variable 
range of one to 75 g’s with a limiting 
centrifugal capacity of 2000 g pounds 
at 280 rpm. The vibration exciter is a 
3500-lb. force generator with a fre- 
quency range of 2 to 2000 cps. 

The initial design approach to 
combining the various parameters was 
to enclose the test specimen in a small 
conditioned chamber mounted on the 
centrifuge arm. It became apparent 
early in the study phase that this idea 
was not compatible with the MB vibra- 
tion exciter and the Genisco centrifuge. 

When a specimen of maximum 
size and weight enclosed in a chamber 
is considered, the exciter does not have 
sufficient capacity to shake the arm, 


specimen and chamber with the de- 
sired force. In addition, the size the 
temperature chamber required would 
necessitate modification and sacrifice 
of parts to the extent of precluding the 
use of the Genisco centrifuge. By in- 
sulating and temperature controlling 
the entire centrifuge enclosure, it was 
determined that a good balance would 
be obtained between specimen size and 
weight of vibrating components. 


Vibrating Acceleration 

The centrifuge was then modified 
to provide, in addition to the radial 
g acceleration, a vibrating acceleration 
at right angles to the plane of the radial 
vector. This was accomplished by re- 
placing the Genisco arm with one of 
much greater stiffness in bending. 

The new arm, made up of mag- 
nesium thin wall castings, consists of 
an inner-arm section, outboard speci- 
men support platforms, and brackets 
fastening the platforms to the inner 
arm. A linear bearing arrangement was 
worked out to support the arm in the 
centrifuge shaft with freedom of move- 
ment of the arm vertically with respect 
to the shaft. 

Provision was made for mounting 
the Genisco framework, above the MB 
exciter and fastened to the exciter 
body. The centrifuge was aligned so 
that its vertical shaft axis was con- 
centric with and perpendicular to the 
top of the exciter shake table. The arm 
and the shake table were intercon- 
nected by means of a spider bracket 
on the table top, a preloaded bearing 
assembly at the spider and a push-rod 





Cutaway view of centrifuge in place over 
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exciter with protective enclosures removed. 





extending from the bearing up through 
the hollow centrifuge shaft to the 
arm hub. 

Sixteen slip rings are provided for 
monitoring, control and power circuits, 


Heat exchangers, formed from 
embossed seam welded plates, were 
attached to the outside of the centri- 


fuge tub through which brine is sup- 
plied. The tub was then insulated and 
provided with a vapor barrier. 

Trichlorethylene is being used ag 
a brine because of its inherent stability 
for the temperature range -65°F to 
250°F. The brine conditioning unit 
consists of a cascaded Freon 13 to 
Freon 22 refrigeration system, brine 
heaters, refrigerant to brine heat ex- 
changer, brine pumping equipment, 
control equipment and a chemical drier 
for low dew point air. 

Plant air, supplied through the 
chemical drier, furnishes approximately 
15 CFM of -65°F dew point air for 
purging the test space and maintains a 
constant source of positive pressure in- 
side the test space so that all air leak- 
age will be to the outside. No moist air 
can be allowed in the test space during 
low temperature tests as this moisture 
will ice the cooling surfaces and pre- 
vent proper heat transfer. Brine and 
air connections are made to the cen- 
trifuge by means of quick disconnect 
couplings. 


Temperature Control 

The conditioning unit is capable 
of maintaining any temperature from 
65°F to 250°F in the test space. Pull- 
down time from room temperature to 
65°F is approximately five hours and 


heat-up from room temperature to 
250°F is achieved in one hour. Tem- 
perature is controlled by means of a 


bulb-type, .round chart recorder con- 
troller. 

Preliminary tests indicate that vi- 
bratory accelerations of 10 g on speci- 
men weights of 20 Ibs. can be obtained 
over a range of 30 to 400 cps. Vibra- 
tion at high frequencies is possible, but 
at levels below 10 g. There is a mini- 
mum of wave form distortion in the 
frequency range. Frequency response 
curve at various points on the machine 


indicate a primary resonance near 70 
cps and a secondary resonance at 
250 cps. 

Investigations are in progress to 
determine the effect of mass loading 
and centrifugal loading on the ma- 
chine’s response to vibration. The use 
of compensating networks to flatten 


the response is being studied and the 
machine's adaptability to use with ran- 
dom as well as sinusoidal inputs is 
under consideration.* 
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“Moby Dick” high altitude research balloon being launched from a special protective trailer at AFMDC. This balloon carries instruments 


up many miles. Small sized balloon alongside provides launch crew with information on surface wind velocity and direction. 


SCIENTISTS ARE OPENING DOOR TO OUTER SPACE 
AT AIR FORCE MISSILE DEVELOPMENT CENTER 


Instruments and biological specimens are carried 
skyward in experimental rockets and balloons at 
AFMDC for studies of radio wave propagation at high 
gordo, New Mexico. In another sense, the test range frequencies; investigation of electrical characteristics 
is limitless, extending upwards to the reaches of spac of the ionosphere and composition and acoustical prop- 
It is one of AFMDC’s missions to extend our know! erties of upper atmospheres; studies of the intensity 
edge of these extreme altitudes, to prepare man for of radiation from the sun, from nocturnal space, and 
life above the atmosphere—this in addition to exten- from the earth; studies of high altitude winds, and 


Almost 4000 square miles of desert comprise the 
rocket and missile test range at the Air Force Missile 
Development Center at Holloman AFB, near Alamo- 


sive development and test work with missiles and studies of the biological effects of cosmic radiation 
similar weapons. and reduced gravity. This high altitude research is 
\FMDC is one of the centers of the Air Research useful in the development of missiles, aircraft, and 
and Development Command. In addition to its basic associated equipment. 
mission, it works with other ARDC centers, govern- Gleaning this useful information is a long and diffi- 
ment agencies and industrial contractors in electronics cult business which draws upon the skills of thousands 
weapons, and upper atmosphere research. of civilian and military engineers and their many 
Undergoing tests at AFMDC are surface-to-air and counterparts in private industry. The efforts of this 
air-to-air supersonic missiles for intercepting hostile air small army of technicians will not only determine 
craft: air-to-surface missiles: surface-to-surface guided America’s ability to meet potential aggressors, but 


} 


missile ind many similaa weapons bring ever closer the coming Age of opace 


This is one of a series of ads on the technical 


activities of the Department of Defense. 





FORD INSTRUMENT CoO. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 








Beverly Hills, Cal. ° Dayton, Ohio ; 
Technicians in Ford Instrument’s gyro 
| t . 
ENGINEERS of unusual abilities can find a future at FORD INSTRUMENT CO. Write for information, aboratory perform tests on subassem 
bly from missile guidance system. 
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Solve Minetore Switching 
NEW 


HAYDON SWITCH 
DESIGN! 





2. High Ambient Pressure or Vacuum 


Haydon’s new switches are hermetically sealed, 
impervious to immersion in corrosive liquids—and 
actuation force remains constant under ambient pres- 
sures as high as 180 PSI! 

Switches can be furnished with an actuation force of 
either 10 oz. max., or 32 oz. max. A built-in balancing 
system automatically equalizes ambient pressures on 





the switch mechanism, insures uniform operation. This 
new design can be applied to miniature and sub- 
miniature switches of various electrical ratings. 
REMEMBER: A broad line of “standard” hermetic 
and plastic switches is available from Haydon Switch 
.+. plus a complete design and development service. 
Don't let difficult switching problems limit your product 
applications—get in touch with Haydon Switch. 


Send today for new catalog 

giving data and specifications 
on a A. da" Laid, e and 
hermetically sealed switches. 
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Is YOUR Company... 
Entering the Missile Market? 


Be sure to write in today for your firm's 
FREE listing in the first ANNUAL MISSILE 
MARKET GUIDE AND DIRECTORY. 


An Established Missile Market Supplier? 


Be sure to answer the questionnaire you 
will receive later this month to obtain YOUR 
free listing. 


DON’T MISS THE FIRST 


ANNUAL MISSILE MARKET GUIDE 
AND DIRECTORY 
An Extra Mid-April Issue of MISSILES AND ROCKETS 


Containing a complete classified listing of all 
manufacturers in the multi-billion dollar mis- 
sile market. 


MISSILES AND ROCKETS 


American Aviation Publications, Inc. 
1001 Vermont Avenue, N.W. 
Washington 5, D.C. 
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PRECISION ILLUMINATION WITH A.C. M.1. MINIATURE LAMPS 





' Miniature lamps are available in sizes 


Circle No. 79 on Subscriber Service 


All A.C.M.1. miniature lamps are made 
to the most meticulous standards of 
physical dimension and candlepower, 
and can be relied on for excellent 
illumination and reliable service. 


from .036” to 5.00” in diameter and 
in voltages from 1.5 volts to 48 volts. 


We invite inquiries for all types of 
miniature lamps. You can be sure of 
precision illumination with A.C.M.1. 
miniature lamps. 


American (ystoscope Makers, Inc. 


Producers of the world’s smallest miniature lamps 
8 PELHAM PARKWAY 


PELHAM MANOR, N. Y. 
FREDERICK J. WALLACE, President 
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motors for missile test stands 


by R. A. Feranchak 
Westinghouse Electric Corp. 


HE INCREASED requirements of 

guided missiles have created a de- 
mand for high-performance electrical 
equipment to test individual compo- 
nents. The reliability of these compo- 
nents must be unquestioned. They must 
be tested and retested from the time 
they leave the production line until 
they are finally installed and checked 
out in the missile. Each component is 
checked for particular performance 
characteristics. Therefore, the types of 
test stands and their required perform- 
ance are quite different. 

Each of the test stands must have 
better inherent capabilities of particular 
performance characteristics than the 
equipment to be tested. For example, if 
speed regulation of a missile pump 
would be .25 per cent, the test stand 
to calibrate the pumps would require 
a speed regulation of one-tenth of one 
per cent. 

Missile pump test stands take two 
distinct forms—development _ testing. 
and production line testing or calibrat- 
ing. They may vary from 1200 hp to 
30,000 hp. The speed range required of 
missile pump test stands may require 
an output speed anywhere from 3000 
to 30,000 rpm. As in the case of the 
alternator-generator test stands, the 
larger power ratings of this equipment 
call for ac rather than dc machinery. 
Where an_  alternator-generator test 
stand may consist of a Ward Leonard 
System, missile pump test stands re- 
quire devious means of obtaining high 
hp over a very wide speed range. 

Depending on the application and 
preference, a final choice of equipment 
is usually determined by economic con- 
siderations. For stands requiring less 
than 1500 hp, a Ward Leonard dec sys- 
tem may still be economically feasible. 
For hp above 25,000, the most recent 
consideration has been steam turbine 
equipment. The ac drive system is the 
most economical for the intermediate 
hp ranges. 

From economic considerations, 
the most popular drive system consists 
of a wound rotor motor with an eddy- 
current brake driving the missile pumps 
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Facility for missile pump calibration at Rocketdyne's Neosho plant. 2500-hp, 1200-rpm 
motor drives two twin-pinion gear units which have output speeds of 5400 to 7800 rpm. 





Alternator generator test stand for North American. Drive motors are rated at 100 hp for a 
total capacity of 200 hp through a constant speed range of 3000 to 9000 rpm in tandem. 
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“SUNDAY PUNCH"! 


Heli-Coil Screw-THREAD and Screw- 
LOCK Inserts are used throughout 
Convair's B-58 ‘Hustler’. They 
help combine lightness with excep- 
tional strength and rigidity in the 
power plant, fuselage, wings, con- 
trol surfaces and electronic equip- 
ment. This adds up to rock-solid 
structural security for the nation’s 
newest and fastest bomber. 


SUPERSONIC 

















MELI-COIL Screw-THREAD Insert... provides stainless steel threads that per- 
manently resist wear, corrosion, stripping, galling and seizing ... hold fast 
under vibration and shock. Conforms to military standards and all stand- 
ard commercial and industrial thread forms. 


MELI-COIL Screw-LOCK* Insert . .» new one-piece design provides all the 
advantages of the Screw-THREAD Insert plus an exclusive internally 
integrated locking feature that eliminates need for lock-nuts and lock-wiring 
. ++ Permits repeated disassembly and reassembly with locking action re- 
maining unimpaired. Meets military specifications for locking torque and 
vibration. 

*Pat. App. For 


Write for detailed information. 


HELI-COIL CORPORATION 


280! Shelter Rock Lane, Danbury, Conn. (A Division of Topp Industries, Inc.) 
In Canada: W. R. WATKINS CO., Ltd., 41 Kipling Ave., S., Toronto 18, Ont. 
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through a step-up gear unit. The second- 


ary resistance of the wound rotor 
machine is varied by a liquid rheostat 
control to set the speed and course 
regulation of the drive. Fine speed 
regulation is achieved by the brake. 
Another drive for intermediate hp 
consists simply of a wound rotor or 
synchronous machine driving the mis- 
sile pumps through a slip coupling and 
gear unit. The “wasted power” is dis- 
sipated in the eddy-current coupling 
rather than the dynamatic brake. 
The major mechanical difference 
between an eddy-current coupling and 
an eddy-current brake is that the cou- 
pling has both the input and output 
halves of the coupling rotatable, while 
the eddy-current brake has only the 
output half of the coupling rotatable. 
A wound rotor motor and a dc 
motor drive the missile pumps through 
a speed increaser in another type of 





Synchronous motor and generator 


variable speed drive. The output of the 
secondary of the wound rotor machine 
is rectified by ignitron-type rectifiers, 
and is fed into the dc machine, which 
is on the same shaft as the wound rotor 
machine. The rectifier tubes are usually 
grid controlled from either transformers 
in the secondary loop or from a sepa- 
rate power source. 

The motor may use a combination 
of voltage control by using these grids 
of the rectifiers, or it may be controlled 
by varying the motor field strength. 

There are other types of variable 
speed drives such as a combination ac 
drive with a dc loop and variable fre- 
quency drives, but these usually require 
more equipment and are 
unjustified for most ap- 


considerably 
economically 
plications. 
Some of the performance require- 
ments listed below may be encountered 
in missile pump test stand drives. 
Most missile pump test stands may 
be operated in either direction of rota- 
tion, but a definite time must elapse 
between tests of one direction of rota- 
tion to the other. This usually presents 
no particular problem because the drive 
is shut down or is at rest between tests, 
so that one phase of the ac motor may 
be reversed. This can be accomplished 
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by including an additional circuit 
breaker in the switch-gear unit, or by 
providing some sort of reversing switch, 
which is interlocked with the operating 
breaker. 

The tachometer is the only impor- 
tant point to consider when reversibility 
is a requirement. Accuracy of a tachom- 
eter in the reversed direction may 
differ from accuracy in the forward 
direction as much as two per cent. The 
difference in tachometer readings is 
due principally to the angle on which 
the brushes are mounted and to the 
uneven wear brushes receive from be- 
ing operated in one direction of rota- 
tion more than another. 

There are several types of tests 
to which missile pumps are submitted, 
both in production line testing and in 





D.C, drive motor and pump 


development work. In most cases, each 
missile pump test stand must be capable 
of performing both types. One type is 
commonly called a “cold flow” test 
where water is circulated around a 
closed loop by the missile pump under 
test. 

The other type of test uses actual 
missile fuels and oxidizers as they 
would be used in an actual missile. In 
this test, the fuel is pumped from one 
tank and discharged to another tank 
or to a combustion chamber. For this 
“simulation testing,” the supply of mis- 
sile fuel or oxidizer is limited to a few 
minutes. Because of this, the test stand 
must rapidly accelerate to test speed, 
the test must be performed, and the 
drive decelerated to standstill before the 
supply of fuel is exhausted. 

The usual time for acceleration is 
approximately 15 to 30 seconds. The 
test time may be in the order of one 
minute and the deceleration time is ap- 
proximately the same as the accelera- 
tion time so that the overall testing 
time will not exceed two minutes. 

For some missile pump test stands, 
both types of test are run so that the 
machines must meet very fast accelera- 
tion rates and, for “cold flow” tests, 
must deliver the full rated horsepower 
for a matter of several hours. For 
pump drive stands which do not re- 
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It's a thin-wall magnesium 
control basket for a prime 
missile contractor, and 
machining it was tough. 
But Sibley licked it. And, 
from blueprints to final 
inspection, the contractor 
benefited directly from 
Sibley principals, and their 
wide machining background. 
You can benefit, too, on your 
missile component problems. 







y iiks Write for free booklet describing 


= Pe Sibley facilities and experience. 


MACHINE tae DEPT. MR-1, SOUTH BEND 23, IND. 
© 1957 Sibley Machine & Foundry Corp. 
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GROWING 


MARTIN-ORLANDO is a new corporate division of The 
Martin Company. Located in Orlando, Florida, this new 
Organization is designing, engineering, and producing 
total weapon systems. Creative atmosphere and engineer- 
ing facilities in new multi-million dollar plant provide 
the opportunity to do your best work and advance ac- 
cording to your talents. 

2 CHIEF ENGINEERS needed for technical management 
positions in airborne guidance and ground checkout 
equipment. Must hove broad experience in electronics 
to manage work in design, development, and production 
of advanced weapon systems 

RESEARCH ENGINEERS with advanced degrees in elec- 
tronics and physics are needed in staff research and de 
velopment programs 

KEY ENGINEERING POSITIONS also open for top men 
in infrared techniques; solid state devices; microwave 
components and techniques; information and communi 
cation theory; digital computing or data processing 
equipment; radome and antenna; automatic, self-check 
ing testing equipment; and missile guidance and circuitry 
at video or R/F levels 




















FOR THE FULL STORY, SEND A COMPLETE RESUME TO 


Roy Morton, Director of Technica! Steffing 
The Martin Compeny, Box 2831 — A 
) Orlando, Florida 


ALL INQUIRIES HELD IN STRICT CONFIDENCE 














EMPLOY MENT 


WE NEED ENGINEERS 


OF OUTSTANDING ABILITY 


CAN YOU 


Let’s not beat around the bush. We 


need engineers. If you are an engineer 
with outstanding ability and feel your 


present job does not require full use 
of your talents, you'll be interested 
in the opportunities at Bendix Mis- 
siles. We want engineers with excep- 


tional qualifications for positions of 


great responsibility 

If you can qualify, we can offer 
you a wonderful opportunity to bet- 
ter yourself professionally —a chance 
to work with men having professional! 
stature, a chance to work on the im- 














W.L. Webb, General Manager 


QUALIFY? 


portant Talos guided missile — a 
chance to advance financially while 
using modern engineering equip- 
ment and up-to-date facilities 
Bendix has an excellent insurance 
and pension program. Our Midwest 
location offers pleasant well-bal- 
anced climate, fine recreational areas, 
and metropolitan Chicago within 
reach. Interested? Mail the 
coupon for a copy of ““Opportunities 
Abound at Bendix Missiles’. It’s 
fascinating reading and it may 
future for you. 


easy 


mean a whole new 


PRIME CONTRACTOR FOR THE TALOS MISSILE 
r ome ee ae ee ee oe oe om cee ce cc ce ce we we es ee ee we ee we we wee we we we we we ee =-- 
| ei Bendix Products Division— Missiles | 
| Se 412N S. Beiger St., Mishawaka, Ind | 
| Gentlemen: | would like more information concerning opportunities in guided | 
| missiles. Please send me the booklet “Opportunities Abound at Bendix | 
| Missiles” | 
. NAME | 
| ADDRESS . 
he CITY STATE | 











quire a continuous rating, the size of 
the equipment can be drastically re- 
duced if the total testing time is in the 
order of minutes. 

Overshoot is defined as_ the 
amount of transient overspeed which 
can be tolerated, and is usually defined 
at the upper end of the speed range 
This test is very important to the pump 
manufacturer since these missile pumps 
are often designed to very close limits, 
so that the speed must never exceed a 
certain definite amount when under- 
going overspeed tests. Overspeed be 
yond this amount can damage the 
pump beyond repair. 

Overshoot is a transient overspeed 
condition and can be given as a per- 
centage of either the operating speed 
or of top speed. Typical values vary 
from .5 per cent to two per cent of top 
speed. The transient overshoot is a 
function of the magnitude of load 
change and of the time in which it is 
supplied. That is, the magnitude versus 
time characteristics of an imposed load 
may be either a “ramp” function or a 
“step” function. 

In line with the allowed transient 
overspeed deviation is the settling time 
The time required for the speed to re 
turn and remain within a preset band 
about the selected speed is the settling 
time. It, like the transient overshoot. 
is a function of the magnitude of load 
change and of its rate or type of appli- 
cation. The settling time is also a 
function of the speed regulator. That 
is, it is a measure on how fast the 
speed regulator can return the speed 
to a preset value. 

As in the alternator-generator test 
stands, the speed of the system for any 
particular test is allowed to vary be 
tween an upper and a lower limit for 
certain defined load changes. Particular 
values are about one-half of 1 per cent 
for a 100 per cent load change. 

Many of these requirements fo! 
missile pump test stands are dependent 
on the amount of load imposed on the 
system, and the rate at which it is im 
posed. Therefore, these points must 
be clearly defined, especially in regard 
to the speed or range of 
which they occur 

As the tolerances allowed on mis- 
sile pumps are very close, the regulat- 
ing requirements of the test stand drive 
become harder to achieve. Very often 
it is impossible to obtain these fine 
speed regulation quantities until an 
analog study has been completed fo 
the system. 

For these studies, the drive sys- 
tem is transformed to an 
analog. It is then subjected to electrical 
quantities analogous to the physical 
loads imposed on the system. The re- 
sults show the physical response of the 
drive system to the loads.* 


speeds in 


electrical 
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NEW —4armeco 
PURAFLO FILTERS 


Pneumatic Type for Compressible 
Gases—Pressures to 6,000 Ibs. 


Harmeco PURAFLO Filters are available in 
various case designs to suit any piping re- 
quirement for filtering helium, nitrogen and 
other compressible gases at porosity ratings of 
2, 5, 10, 20 or 40 microns or coarser. Inter- 
changeable multi-tube sintered stainless steel 
wire wound elements or strainers are op- 
tional. Case is carbon steel forging; stainless 
stecl, monel or other materials as specified. 


ELEMENT MANIFOLD PIPE ASSEMBLY 


Double tapered ome piece Harmeco hollow sintered bronze disc 
elements provide deep uniform, dependable filtration. Spacing between 
the discs is uniform when assemblies are 
stacked and sealed in ported manifold pipe 
One piece element design climinates slip 
fits or organic bonding materials. The 
double tapered, hollow disc design prevents 
blocking off of surface area due to possible 
cocking of the elements on the manifold 
pipe. Result: greater filtering area; uniform 
porosity control; clean decontaminated 
products. 





















Model G-625 


Sram 


AERO-POT 


miniature trimm Hg 


potentiometers 





Featuring extreme reliability! 


All-metal case gives maximum rigidity, ruggedness and 
long life, plus high resistance to impact and torque. Set- 
tings are stable under vibration of 30 G’s from zero to 
2000 cps...under acceleration, shock and ambient tem- 
perature changes. Excellent heat dissipation and protec- 
tion against high humidity, splashing and dust. Zero end 
resistance. 

The Aero-Pot is adjustable throughout 32 turns by 
means of a slotted leadscrew. Resistance range: 100 to 
100,000 ohms in one case size. Can be supplied completely 
sealed. Write for literature. 

* PATENT APPLIED FOR 


AERO ELECTRONICS CORP. 


Sales Office: 2311 W. Burbank Bivd. « Burbank, Calif. 


Circle No. 82 on Subscriber Service Card. 
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When your problem Hinges 
FAST TAKE-OFF 


on a 

















idibiitons 


BURKLYN KWIK RELEASE HINGES 


When your electronic design problem calls for a sturdy, 
positive hinge fastener yet demands instant release of panels, 
covers, etc., for inspection or maintenance, your answer is 
a Burklyn Kwik Release Hinge. Kwik Release Hinges are 
made to your design specifications—any size, choice of 
metals, single or double action. Kwik Action lift-off hinges 
and self-opening or self-closing hinges also available. Only 
a pencil sketch is needed to get us working on your prob- 
lem. We invite inquiries on all types of specialty instant 
release and latch mechanisms. Write today to: 


BURKLYN 


Originator of instant release hinges 


3429 Glendale Boulevard + Los Angeles 39, Calif. 
Circle No. 81 on Subscriber Service Card. 





Gorman-Rupp Pumps have solved 


unique problems in missile fueling! 
-.. may we help you? 


Mansfield, Ohio 


Circle No. 83 on Subscriber Service Card. 
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EXCELCO 


BUILDERS OF MORE LARGE,THIN WALL, HIGH 
STRENGTH SOLID PROPELLANT ROCKET ENGINE CASES 
AND NOZZLES FOR DEVELOPMENT PURPOSES THAN 


ANY OTHER COMPANY IN AMERICA. 








RV-A-10 

SERGEANT 

NIKE-HERCULES 
JUPITER JR. 


2. JUPITER sR. 






















POLARIS O 
POLARIS A 





AND MANY OTHER CLASSIFIED PROJECTS 


A SMALL EXPERIENCED ORGANIZATION GEARED TO 
HANDLE YOUR DEVELOPMENT AND PROTOTYPE REQUIRE MENTS 
FOR STATIC AND FLIGHT TESTS IN THE SHORTEST POSS- 
~IBLE TIME. 


CALL OR WRITE 


EXCELCO DEVELOPMENTS 


MILL ST. PHONE IOI 


SILVER CREEK , NEW YORK 


Circle No. 84 on Subscriber Service Card. 
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Missile Business 


by Seabrook Hull 


YOU BEGIN TO GET AN IDEA OF THE COST of big missiles and their 
launching sites as more and more information is dribbled out. Latest 
dope released is that the Atlas ICBM, in production, will cost roughly 
$2 million per copy for the bare missile. Some months back, Assistant 

Secretary of Defense Hector McNeil put the cost of an ICBM launching 

base at about $1 billion, including all fueling, ground handling and other 

base equipment. This means that far and away, the bulk of the cost 
of such installations will be vested in nonflying hardware. 





Actual production figures will not be known until some estimate is 
gained of the rated reliability of the final production missile. It seems 
fairly certain, however, that it will be production reckoned in hundreds 
rather than thousands. It is assumed that every reliable missile will 
impact its warhead on target. In other words, it assumes that the Reds 
will not have an anti-missile missile. If this chance factor is added to 
that of reliability, the number ordered will increase accordingly. 


THE IMPORTANT POINT IS, FROM A MONEY POINT OF VIEW, that 
these very high procurement costs must be added on top of some of the 
costliest research and development programs into which the United 
States has ever entered. For example, take the Army’s proposed anti- 
missile-missile program: Unofficial rough estimates place the cost of this 
program at some $600 million. The Air Force’s approach to the same 
problem can scarcely be much cheaper. Yet these are just two ap- 
proaches to one single missile problem. On top of this, there is the 
whole range of space flight projects—moon rockets, instrumented, 
manned: reconnaissance satellites, boost-glide bombers, etc., ete. 


THE CLINCHER is the fact that all the while we are perfecting these modern 
weapons systems, we must continue to build up and modernize so-called 
conventional systems, such as the Strategic Air Command. All of this 
makes for a very bullish outlook in defense business, particularly when 
you consider that a big hunk of the $2 billion extra President Eisenhower 
wants for foreign aid will go for weapons—particularly missiles. 


All this adds up to a lot more of an increase in defense spending than 
the “$1 billion to $2 billion” that’s being tossed about now. Budgeting 
for fiscal 1959 may show only a $2-billion increase insofar as expendi- 
tures are concerned. But the total of new contract authority will be 
much higher. And, in fiscal 1960, expenditures will also go up. 


BUT FOR ALL THE ROSY OUTLOOK for missile business in the budget, 
the shake-up-and-aftermath is far from over. The job of finding out just 
which companies can produce within the time and money limits of their 
contracts is still going on. Meanwhile, also, there’s still a lot of buying 
and selling of companies and divisions, as part of the overall effort by 
companies both in and not in the missile business trying to consolidate 
their positions. One of the latest such moves involves the purchase of 
the turbo division of American Machine and Foundry Co. by Sundstrand 
Machine Tool Co., Rockford, Ill. Another example occurs in the case of 
Diversey Engineering Co., a highly successful missile hardware machin- 
ing company that now has several offers from possible purchasers. 


LATEST WORD ON THE MISSILES FOR EUROPE PROGRAM aims at six 
IRBM bases in Europe as a starter—four Jupiter and two Thor. This 
assumes the just-completed NATO talks will actually result in an 
agreement that permits the stationing of U.S. atom missiles in Europe. 
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SUBSCRIBER SERVICE 








For additional information about any product or service advertised 
or mentioned in the editorial pages of this issue of Missiles and 


Rockets: 


Use the attached prepaid reply cards. Circle numbers shown on 
the reply card that correspond with numbers appearing beneath items 
described. If no circle number accompanies the article or advertise- 
ment, give page number (and advertiser’s name) on line provided at 


bottom of the card. 


Your requests for information will be forwarded promptly to the 


companies concerned. 





NEW PRODUCT BRIEFS 


ELECTRONIC BREADBOARDING. 
Named “Mini-Lab," device provides new 
technique for development, assembly, 
study and testing of circuits and compo- 
nents. Features Suilt-in multimeter, reg- 
ulated power supply, 8 potentiometers, 
resistance and capacitance selector 
boxes and portability. Designed spe- 
cifically for subminiature, miniature and 
semiconductor circuitry, unit has grid of 
jacks arranged to form tie points, vol- 
tage busses, ground busses, coupling 
junctions and input and output termi- 
nals. Stanley Aviation Corp. 

Circle No. 272 on Subscriber Service Card. 


| PRECISION POTENTIOMETERS. Newly 
formed components division of Chicago 
Aerial Industries is manufacturing “ultra- 
precision" potentiometers, series 1000. 
Linearity is 1%, normal tolerance on 
close resistance is +.5%/, voltage break- 
down exceeds 1000 v. Six standard sizes, 
%” to 3”. 
Circle No. 273 on Subscriber Service Card. 


GYRO TEST TABLE. Servotable for 
testing of HIG integrating gyros pro- 
vides determination of drift to a value 
of 1.7453 milliradians per hour in all 
axes, with a permanent record of all 
performance data. Uniconn, Inc. 

Circle No. 269 on Subscriber Service Card. 


EXPLOSIVE SWITCH.  Single-pole, 
double-throw switch has response time 
of 100 microseconds. Available in wire 
or carbon-bridge types, both with stor- 
age life of over 5 yoers. Temperature 
limits —40°F to 225°F; shock rating is 
10,000 g's in all planes; vibration rating 
is 2000 cycles at 100 g's. Extremely 
a ge Raymond Engineering Labora- 
ory. 

Circle No. 270 on Subscriber Service Card. 


TEFLON TERMINALS. Increased speed 
and efficiency in subassembly time is 
provided by use of tiny teflon terminals 
requiring only a single “corking” motion 
or permanent installation in chassis. 
Greater shock, electrical and tempera- 
ture conditions can be withstood by the 
terminals, known as “Trinseels.” Tri- 
Point Plastics, Inc. 

Circle No. 276 on Subscriber Service Card. 


CLUTCH AND BRAKE UNITS. Submini- 
ature, electromagnetic clutch and brake 
units of |” diameter are available from 
Autotronics Inc. The new size in the 
company's line is available in 7 models 
with output shafts on either or both 
ends, providing 2! variations with mini- 
mum torque value of 32 in. oz. 

Circle No. 277 on Subscriber Sery 


INSTRUMENT-TRANSIT CASE. A new 
combination instrument-transit case to 
withstand extremes of environment has 
been developed by Zero Mfg. Co. The 
case is aluminum and consists of a 
watertight outer box and lid which em- 
bodies a recessed carrying handle, hu- 
midity indicator and pressure relief 
valves. 

Circle No. 267 on Subscriber Service Card. 


FREQUENCY CALIBRATOR. A device 
to calibrate oscillators and discrimi- 
nators in FM-FM telemetering systems, 
provide calibrated input voltage to 
each voltage-controlled oscillator in the 
transmitting system, check alignment of 
each discriminator in the receiving sys- 
tem, and allow direct frequency read- 
ings in terms of percentage deviation 
has been introduced by Fenske, Fedrick 
& Miller, Inc. 

Circle No. 266 on Subscriber Service Card. 


VARIABLE DELAY LINE. Series of delay 
lines including variety of delays and 
characteristic impedances. Delays up to 
10 microseconds and impedances up to 
5000 ohms are possible. Control Elec- 
tronics Co., Inc. 

Circle No. 268 on Subscriber Service Card. 


CALIBRATOR AND DYNAMIC CHECK- 
ER. Instrument offers simultaneous 5- 
point calibration of discriminator linear- 
ity measurements in all of the 18 RDB 
subcarrier channels and 5 optional 30% 
channels; and dynamic checking, which 
converts phase distortion in the discrim- 
inator package into harmonic distortion 
which can be analyzed on the screen of 
@ panoramic spectrum analyzer. Pano- 
ramic Radio Products, Inc. 

Circle No. 275 on Subscriber Service Card. 


PROTECTIVE COATING. A new, super- 
tough, _ ee protective coatin 
has been formulated from silicones oa 
epoxies. It is corrosion and impact re- 
sistant and has long life, as well as 
weather and moisture resistance. The 
material contains no plasticizers or oils 
and cures by both solvent evaporation 
and internal polymerization. Mono-Seal 
Products. 

Circle No. 259 on Subscriber Service Card. 


PRECISION LIMIT SWITCH. Device al- 
lows replacement of switches without re- 
quired adjustments or delays. Consists of 
terminal-block enclosure with wiring con- 
nections and switch enclosure con- 
taining all mechanical and electrical 
parts. Designated “Plug-in Limit.” Micro 
Switch. 
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MISSILES and ROCKETS 
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MISSILE LITERATURE 


MISSILE R&D. Guided missile research 
and development facilities at Aerophysics 
Development . are featured in a 
12-page illustrated booklet. Briefly trac- 
ing the company's role in development 
of the DART antitank missile and the 
HTV, the booklet discusses design philos- 
ophy and the firm's research and manu- 
facturing facilities. 

Circle No. 150 on Subscriber Service Card. 


MAGNETOR. A new technical device 
for aiding comprehension in the field 
concept of modern physics. Described 
in materials available from the Far-A- 
Field Co, 

Circle No. 151 on Subscriber Service Card. 


DATA HANDLING AND RECORDING. 
Automatic data handling and recording 
system for engine test facilities de- 
scribed in a new bulletin released by 
BJ Electronics. 

Circle No. 152 on Subscriber Service Card. 


PRECISION POTENTIOMETER. Series 
9300 three-turn precision potentiometer 
is covered in a 4-page data sheet issued 
by Helipot Corp. 

Circle No. 153 on Subscriber Service Card. 


FASTENERS. Comprehensive handbook 
gives complete information on rivets 
and riveting machines. Published by 
Judson L. Thomson Mfg. Co. 

Circle No. 154 on Subscriber Service Card. 


SILICONE PRODUCTS. 1958 reference 
guide, said to be the largest and most 
complete ever published, describes over 
150 silicone products. Contains detailed 
charts, tables, graphs and data on prop- 
erties, performance, along with illus- 
trated examples on cost-cutting possibil- 
ities. Dow-Corning. 

Circle No. 155 on Subscriber Service Card. 


TIMING DEVICES. New series of pre- 
cision interval timers described in bul- 
letin illustrating unit and containing 
charts on typical ranges and other 
factors. Operation, features, dimensions 
and similar data are covered. A. W. 
Haydon Co. 

Circle No. 156 on Subscriber Service Card. 


MINIATURIZED COMPONENTS. Re- 
ports of two developments in miniatur- 
ized electronic components have been 
released by the Air Force through the 
Office of Technical Services. Depariment 
of Commerce. 

Circle No. 157 on Subscriber Service Card. 


ROCKET FUEL. Synthesis procedures and 
properties of a new aliphatic amine for 
possible use as a liquid rocket fuel are 
described in this report of Air Force 
research. Variation of light intensity of 
rocket-motor flames is studied in an- 
other volume, both available through 
OTS, Department of Commerce. 

Circle No. 158 on Subscriber Service Card. 


SLIP RING ASSEMBLIES. Ejight-page 
brochure pictures many slip rings manu- 
factured by every known process. Appli- 
cations for various-sized slip rings, 
brushes and commutators are illustrated. 
Slip Ring Co. of America. 

Circle No. 159 on Subscriber Service Card. 


MEASUREMENT AND CONTROL. Three 
brochures by Crescent E & R Co. de- 
scribe their instrument translator, ten- 
pound control system and frictionless 
torque pickup. Crescent Engineering and 
Research Co. 

Circle No. 161 on Subscriber Service Card. 


ELECTRONICS COMPONENTS. Thirty- 
page catalog describing and picturing 
product line of transducers, telemetering 
oscillators, digital strain-gage indicators, 
servoconverters and automatic data- 
logging instruments. Included are speci- 
fications and applications data useful to 
engineers and others in missile programs. 
Datran Electronics. 

Circle No. 160 on Subscriber Service Card. 


PANEL METER. Engineering data sheet 
carrying a complete description of a 
side indicator panel meter, including 
full electrical specifications. The unit is 
designed to replace conventional 3!/.” 
meters and has an accuracy of + 2°/, 
of the full scale deflection of DC 
ranges and + 5% for AC ranges. In- 
ternational Instruments Inc. 

Circle No. 164 on Subscriber Service Card. 


X-RAY INSTRUMENTATION. Engineer- 
ing data on newest X-ray instruments 
for element analysis and structure deter- 
minations presented in a 12-page book- 
let. Text covers basic diffraction equip- 
ment including cameras, X-ray diffrac- 
tometer and the X-ray spectrograph. 
Special section devoted to the elec- 
tronic circuit panel employed in the 
equipment. Philips Electronics, Inc. 

Circle No. 172 on Subscriber Service Card. 


INVESTMENT CASTINGS. Two-color 
chart tabulating the composition and 
physical properties of alloys commonly 
used for investment castings. Covering 
both ferrous and non-ferrous alloys, the 
chart includes data on both the cast 
and hardened castings. Surface finish, 
dimensional tolerances, concentricity, 
cored holes and cast threads are also 
covered. Alloy Precision Castings Co. 
Circle No. 165 on Subscriber Service Card. 


PRIMARY BATTERIES. Bulletin dealing 
with electrical characteristics (open cir- 
cuit voltage, nominal output, maximum 
allowable discharge rate and minimum 
recommended discharge rate}, physical 
characteristics (weight and volume) 
typical applications and special features. 
The publication includes diagrams and 
photographs. Yardney Electric Corp. 

Circle No. 166 on Subscriber Service Card. 


DIGITAL DIFFERENTIAL ANALYZERS. 
DDA, a scientific computer, is described 
in a 208-page book covering almost 
every phase of the subject. Author feels 
that the full scientific and engineering 
potentialities of DDA are not appreci- 
ated. Clearly and concisely written. 
George F. Forbes. 

Circle No. 173 on Subscriber Service Card. 


TRANSISTOR REPLACEMENT. _Infor- 
mational chart for use in determining 
correct replacements to use in transistor 
servicing. Bendix Aviation Corp. 

Circle No. 163 on Subscriber Service Card. 


CYLINDER-FINISH TUBING. Advan- 
tages of “Rockrite” . ye ye tub- 
ing for cylinders and other applice- 
tions requiring a smooth, close toler- 
ance ID are described in a new tech- 
nical bulletin just released. Tube Re 
ducing Corp. 

Circle No. 168 on Subscriber Service Card. 


TITANIUM REACTION. The adverse 

reaction of titanium to fuming nitric 

acid is studied and reported in a 67- 

io publication available from the 
ce of Technical Services, U.S. De- 

partment of Commerce. 

Circle No. 169 on Subscriber Service Card. 
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Exp2%ding aircraft p.Srmance creates new problems in protect- 
ing el©'rOnic equipment under extreme altitude and ambient 
conditions. Eastern’s long experience in the field helps you to 
recommend electronic gear with confidence that performance will 


be reliable at temperatures from — 55°C to +-55°C; from zero to 
over 70,000 feet. 


Cooling Units, with or without refrigeration cycles, provide safe 
operating temperature limits in electronic equipment. Pressuriza- 
tion Units that meet government specifications maintain proper 
operating pressures at various altitudes, and utilize dehydrators 
that remove moisture and dust from ambient air. A program 

of research and development continually expands perform- 

ance raages to provide customized units to meet your needs. 
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When your problem is to make your electronic equipment 
perform efficiently under tough conditions, meet the challenge 
by asking Eastern for complete and creative engineering help 


Write for Eastern 


e ASTER, . AVIONICS BULLETIN 340 


rm 
INDI) FRIES, . 


100 Skiff S. Hamden 14, 


West Coast Office: 1608 Centinela Avenve — inglewood 3, Calif — Phone ORegon 


Circle Ne. 25 on Subscriber e Card. 
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perature, Pressure, Moisture, Dust 











